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PREFACE  TO  THE  THIRD  ENGLISH  EDITION. 


The  considerable  advance  made  by  Physiological  Science 
during  the  last  few  years  has  made  it  necessary  to  introduce 
many  additions  and  some  radical  changes  into  the  present 
Edition. 

It  has  been  thought  advisable  to  re-arrange  and  re-write  the 
Chapters  on  the  Chemistry  of  the  Tissues,  on  the  Liver,  and 
on  the  Nervous  Centers. 

The  Chapter  on  Development  of  the  Special  Systems  has  been 
omitted,  because  the  limited  space  at  my  disposal  was  required 
for  more  purely  physiological  matters. 

I  am  very  much  indebted  to  Mr.  Thos.  G.  Brodie,  M.  B., 
Demonstrator  of  Physiology,  King's  College,  London,  for  very 
valuable  assistance  throughout  the  work,  more  especially  in  the 
chemical  part. 


PREFACE  TO  THE  SECOND  EDITION. 


In  preparing  this  edition  I  have  done  my  utmost  to  correct 
inaccuracies  and  remove  obscurities.  The  changes  rendered 
necessary  by  recent  research  have  also  been  made. 

Some  parts  have  been  re-written,  notably  the  Chapters  on 
the  Central  Nervous  System,  to  which  additional  illustrations 
have  been  added. 

The  general  arrangement  remains  the  same  as  that  of  the 
First  Edition. 

I  am  again  deeply  indebted  to  my  friend,  Mr.  E.  F.  Herroun, 
for  much  valuable  assistance. 

King's  College,  London, 
August,  1887. 


PREFACE  TO  THE  FIRST  EDITION. 


The  present  volume  has  been  written  at  the  desire  on  the  part 
of  the  Publishers  that  a  new  elementary  treatise  on  Physiology- 
should  be  added  to  the  series  of  admirable  students'  manuals 
which  they  had  previously  issued. 

In  carrying  this  desire  into  execution  I  have  endeavored  to 
avoid  theories  which  have  not  borne  the  test  of  time,  and  such 
details  of  methods  as  are  unnecessary  for  junior  students.  I  do 
not  give  any  history  of  how  our  knowledge  has  grown  to  its 
present  standpoint ;  nor  do  I  mention  the  names  of  the  authori- 
ties upon  whose  writings  my  statements  depend.  I  have  also 
omitted  the  mention  of  exceptional  points,  because  I  find  that 
exceptions  are  more  easily  remembered  than  the  main  facts  from 
which  they  differ ;  and,  since  we  must  often  be  content  with  the 
retention  of  the  one  or  the  other,  I  have  tried  to  insure  that  it 
shall  be  the  more  important. 

While  endeavoring  to  save  the  student  from  doubtful  and 
erroneous  doctrines,  I  have  taken  great  care  not  to  omit  any 
important  facts  that  are  necessary  to  his  acquirernent  of  as  clear 
an  idea  as  possible  of  the  principles  of  Physiology. 

I  have  not  hesitated  to  lay  unwonted  stress  upon  those  points 
which  many  years'  practical  experience  as  a  teacher  and  exam- 
iner has  shown  me  are  difficult  to  grasp  and  are  commonly 
misunderstood;  and  I  have  treated  such  subjects  as  are  useful 
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in  the  practice  of  medicine  .or  surgery  more  fully  than  those 
which  are  essential  only  to  abstract  physiological  knowledge. 

As  medical  students  are  generally  obliged  to  commence  the 
study  of  Physiology  without  any  anatomical  knowledge,  I 
believe  it  to  be  absolutely  necessary  that  their  first  physiological 
book  should  contain  some  account  of  the  structure  and  relation- 
ships of  the  organs,  the  functions  of  which  they  are  about  to 
study.  I  have  therefore  added  a  short  account  of  the  construc- 
tion of  the  various  parts  discussed  in  each  chapter;  it  has,  how- 
ever, been  found  necessary  to  curtail  this  anatomical  portion  to 
a  mere  introductory  sketch.  Numerous  illustrations,  with  full 
descriptions  attached  to  each,  are  introduced  to  supplement  the 
explanation  given  in  the  text. 

So  far  as  is  consistent  with  an  accurate  treatment  of  the 
subject,  I  have  avoided  technical  terms  and  scientific  modes  of 
expression.  I  know  that  in  attempting  to  explain  physiological 
truths  in  every-day  language  and  in  a  plain,  common-sense  way, 
I  run  the  risk  of  appearing  to  lack  the  precision  that  such  a 
subject  demands;  but,  after  mature  consideration,  I  have  come 
to  the  conclusion  that  great  scientific  nicety  and  a  scholastic 
style  of  expression  have  a  deterrent  effect  upon  the  beginner's 
industry;  and  I  think  it  better  that  he  should  acquire  the  first 
principles  of  the  scierice  in  homely  language,  than  pick  up  tech- 
nical odds  and  ends  in  learned  terms,  the  meaning  of  which  he 
does  not  comprehend. 

As  many  words,  strange  to  the  first  year's  student,  have  to  be 
used,  and  must  be  learned,  it  has  been  thought  advisable  to  add 
a  short  glossary,  containing  an  explanation  of  the  most  ordinary 
physiological  expressions. 

Great  difficulty  is  always  found  in  fixing  upon  a  starting  point 
at  which  to  begin  the  study  of  Physiology.     To  begin  with  the 
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circulation  of  the  blood,  which  is  so  essential  for  the  life  of 
every  tissue,  one  should  have  some  knowledge  of  nerve  and 
muscle.  To  begin  with  nerves  and  muscles,  the  mechanisms  and 
the  uses  of  the  blood  current  should  be  understoood ;  and  so  on, 
throughout  the  various  systems,  which  are  so  inter-dependent 
that,  for  the  thorough  comprehension  of  any  one,  a  knowledge 
of  all  is  required. 

I  have,  therefore,  adopted  the  time-honored  plan  of  com- 
mencing with  the  vegetative  systems  and  following  the  course 
of  the  aliments  to  their  destination  and  final  application,  as  I 
believe  that  this  arrangement  is  open  to  as  few  objections  as  any 
other  known  to  me. 

I  wish  here  to  express  my  most  cordial  thanks  to  many  friends 
who  have  aided  me  with  kind  assistance  and  advice.  I  am 
deeply  indebted  to  Mr.  W.  Tyrrell  Brooks  for  the  great  help  he 
afforded  me  by  compiling  the  chapters  on  Development ;  and  I 
feel  I  cannot  sufficiently  thank  Mr.  E.  F.  Herroun  for  his 
untiring  and  valuable  assistance  in  the  revision  of  the  proof 
sheets. 

To  Mr.  G.  Hanlon  I  am  indebted  for  the  careful  and  skilful 
manner  in  which  he  has  executed  the  new  wood-cuts,  most  of 
which  he  had  to  copy  from  my  rough  drawings. 

King's  College,  London, 
January,  1884. 
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CHAPTER  I. 

INTRODUCTION. 

Biology,  the  science  which  deals  with  living  beings,  may  be 
divided  into  two  branches,  viz : — 

1.  Morphology,  which  treats  of  the  forms  and  structure  of 
living  creatures ;  and, 

2.  Physiology,  which  attempts  to  explain  the  modes  of 
activity  exhibited  by  them  during  their  life-time,  and  may  there- 
fore be  defined  as  the  science  which  investigates  the  phenomena 
presented  by  the  textures  and  organs  of  healthy  living  beings  ; 
or,  in  short,  the  study  of  the  actions  of  organisms  in  contradis- 
tinction to  that  of  their  structure. 

The  organic  world  appears  to  be  naturally  divided  into  the 
Animal  and  Vegetable  kingdoms.  We  have,  therefore,  both 
animal  and  vegetable  morphology  and  physiology.  In  studying 
the  vegetable  kingdom,  the  activity  of  plants  together  with  their 
form  and  structure,  constitute  the  science  of  Botany.  The 
physiology  of  plants  need  not,  therefore,  be  considered  here, 
though  a  knowledge  of  it  proves  useful  in  considering  many  of 
the  processes  belonging  to  animal  life.  On  the  other  hand,  the 
morphology  and  physiology  of  animals  are  commonly  taught 
separately,  and  in  the  medical  curriculum  are  made  distinct 
subjects. 

Morphology  includes  the  external  form,  the  general  construc- 
tion or  Anatomy  of  organisms,  and  the  minute  structure  of  their 
textures  as  revealed  by  the  microscope.  This  latter  branch  of 
study,  under  the  name  Histology,  has  developed  into  a  very 
3  25 
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extensive  subject,  which  is  inseparable  from  either  physiology  or 
anatomy. 

In  this  country  histology  is  commonly  taught  in  the  medical 
schools  with  physiology,  because  the  time  of  the  teachers  of 
morphology  is  occupied  in  expounding  the  nomenclature  of 
descriptive  anatomy,  while  the  microscope  is  in  every-day  use  in 
the  physiological  laboratory. 

An  adequate  knowledge  of  microscopic  methods,  and  of  the 
various  form-elements  of  the  different  textures  of  the  body  is 
one  of  the  first  essentials  for  physiological  study. 

As  the  different  actions  of  the  body  are  performed  by  different 
tissues,  which  in  the  higher  animals  are  grouped  together  as 
distinct  organs,  anatomy  and  general  morphology  may  be  said 
to  be  the  basis  upon  which  physiological  knowledge  is  built. 
Some  knowledge  of  these  subjects  miist  therefore  precede  the 
study  of  physiology,  in  order  that  the  student  may  be  in  a  posi- 
tion to  grasp  even  the  simplest  facts  connected  with  any  physio- 
logical question. 

We  shall  soon  find  that  the  assistance  of  other  sciences  is  also 
indispensable  to  physiology.  Thus  every  action  of  a  living 
texture  or  tissue  is  accompanied  by  some  chemical  change, 
chemical  processes  being  an  essential  part  of  the  phenomena  of 
life.  The  student  of  physiology  must,  then,  know  something 
of  the  science  of  Chemistry ;  indeed,  the  mode  of  action  of 
chemical  elements  forms  quite  as  important  a  groundwork  for 
the  study  of  the  activity  of  the  living  tissues  as  their  general 
form  or  minute  stnicture. 

Further,  the  laws  of  Physics  which  govern  the  motions  of 
inanimate  bodies  also  control  the  actions  of  living  tissues,  for 
we  cannot  claim  to  be  able  to  recognize  the  existence  of  any 
laws  affecting  living  organisms  older  than  those  known  to  be 
applicable  to  dead  matter.  We  must  endeavor  to  explain  all 
the  phenomena  of  life  by  means  of  the  laws  known  to  chemists 
and  physicists.  By  this  means  we  may  get  a  closer  insight  into 
the  processes  of  life,  and  if  there  be  laws  belonging  exclusively 
to  living  beings  w«  may  learn  to  know  them.  This  method  of 
working  has  already  given  good  results,  for  within  comparatively 
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recent  times  many  of  the  processes  which  were  regarded  as 
specially  vital  in  character  have  been  shown  to  be  within  the 
scope  of  experimental  science. 

It  is  therefore  necessary  for  the  physiologist,  before  he  attempts 
to  explain  the  activities  of  an  organism,  to  be  familiar  not  only 
with  the  structure  of  its  body  as  taught  by  Anatomy,  but  also 
with  those  laws  which  Chemistry  and  Physics  teach  us  are  obeyed 
by  inanimate  matter. 

Chemistry  and  Physics  may,  in  fact,  be  regarded  as  the 
basis  of  the  physiology  of  inorganic  matter,  just  as,  when 
applied  to  the  functions  of  living  creatures,  they  form  biological 
physiology.  When  we  consider  how  far  the  chemist  and  the 
physicist  still  are  from  thoroughly  grasping  and  interpreting  all 
the  phenomena  presented  by  the  various  kinds  and  conditions 
of  matter,  we  cannot  be  surprised  that  those  who  attempt  to 
explain  the  actions  of  living  beings  find  many  processes  that 
they  are  unable  to  comprehend,  and  hence  term  them  vital. 
But  when  physiologists  make  use  of  the  convenient  term  "  vital 
phenomena,."  it  must  be  remembered  that  they  do  not  thereby 
insist  upon  the  existence  of  a  special  living  force  or  any  kind  of 
energy  peculiar  to  living  creatures. 

The  ultimate  object  of  physiology  is  not  yet  within  the  reach 
of  our  modern  methods  of  research.  To  explain  the  mode  of 
activity  of  living  beings,  and  grasp  the  exact  relation  borne  by 
their  living  phenomena  to  the  laws  which  govern  them,  is  a  task 
of  enormous  difficulty.  Indeed,  the  manifestations  of  certain 
energies  in  living  organisms  are  so  complicated  that  it  is  often, 
if  not  generally,  impossible  to  say  exactly  how  they  are  brought 
about,  and  we  are  therefore  obliged,  for  the  present  at  least,  to 
be  satisfied  with  their  mere  recognition  and  description. 

Since  the  human  organism  is  the  special  study  of  students 
of  medicine,  the  contents  of  this  volume  should  properly  be 
restricted  to  the  physiology  of  man.  But  human  physiology 
cannot  be  studied  alone ;  because  in  man  we  cannot  wa,tcb  suf- 
ficiently closely,  or  question  fully  by  experiment,  the  phenomena 
of  life.  Further,  no  sharp  line  of  separation  can  be  drawn 
between  the  actions  of  the  various  organs  of  man  and  those  of 
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the  lower  animals.  The  consideration  of  the  physiology  of 
those  animals  which  are  akin  to  man  must  therefore  go  hand  in 
hand  with  the  study  of  the  physiology  of  man  himself.  Much 
light  has  been  thrown  on  the  actions  of  the  complex  textures  of 
the  highest  animals,  by  the  observation  of  the  activities  of  the 
lowest  organisms,  where  the  manifestations  of  life  may  be  care- 
fully watched  with  the  microscope  in  the  living  animal  under  its 
normal  conditions. 

General  Characters  of  Organisms. 

The  term  organism,  which  is  commonly  used  as  having  the 
same  meaning  as  living  being,  owes  its  derivation  to  the  com- 
plexity of  structure  common  among  the  higher  forms  of  life, 
which  are  made  up  of  several  distinct  organs.  This  organic 
construction  does  not  hold  good  as  a  distinguishing  mark  between 
living  beings  and  inanimate  matter,  because  we  are  acquainted 
with  a  vast  number  of  organisms,  both  plants  and  animals, 
which  are  composed  of  a  minute  piece  of  a  soft,  jelly-like 
material,  devoid  of  organic  differentiation. 

We  may  classify  the  general  characters  of  living  beings  as 
follows : — 

1.  Structural  and  physical  properties. 

2.  Chemical  composition. 

3.  Activities  during  life  (vital  phenomena). 

I.  Structural  Characters  of  Organisms. — The  minute 
structure  of  living  beings  as  shown  by  the  microscope  no  doubt 
helps  to  distinguish  the  textures  of  organisms  from  inorganic 
structures.  Although  organic  te'Xtures  are  found  to  differ  very 
widely  in  their  characters  they  are  all  related  in  one  respect, 
namely,  that  at  the  earliest  period  of  their  existence  they  consist 
of  a  minute  mass  of  a  substance  called  Protoplasm,  known  as  a 
cell.  In  plants  a  cellular  structure  remains  obvious  in  all  parts 
of  the  adult,  no  matter  how  much  the  texture  may  be  modified, 
by  adaptation  to  the  requirements  of  any  given  duty  or  function. 
If  we  examine  with  the  microscope  the  leaves,  bark,  wood,  or 
pith  of  a  plant,  in  all  of  them  a  cellular  structure  can  be  recog- 
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nized.  In  the  less  developed  members  of  the  animal  kingdom, 
and  during  the  initial  stages  in  the  existence  of  the  highest 
animals,  the  textures  are  composed  exclusively  of  aggregations 
of  living  cell-elements.  We  shall  shortly  see  that  in  the  more 
fully  developed  condition  of  the  higher  animals,  the  cells 
become  variously  modified  in  form  and  function,  and  the  pro- 
toplasm manufactures  various  structures  adapted  to  the  perform- 
ance of  the  diverse  functions  of  the  different  parts.  In  all 
organic  textures  which  can  be  said  to  be  living,  cells  are  dispersed 
in  greater  or  less  number,  and  regulate  their  nutrition  and  repair. 

2.  Chemical  Composition. — There  are  no  characters  in 
the  chemical  composition  of  the  textures  of  organic  beings  which 
can  be  said  to  be  absolutely  distinctive  or  to  separatp  them  from 
inorganic  matter.  No  doubt  their  chemical  construction  fre- 
quently exhibits  certain  peculiarities,  not  seen  in  dead  matter, 
which  may  be  taken  as  characteristic,  but  living  textures  only 
differ  in  the  general  plan  of  arrangement  and  composition  from 
those  most  commonly  met  with  in  the  construction  of  inorganic 
materials. 

In  the  first  place,  the  great  nrajority  of  the  chemical  elements 
which  we  know  of,  take  no  share  in  the  formation  of  living 
creatures,  and  are  never  found  to  enter  into  their  composition. 
Practically  only  fifteen  of  some  seventy  elements  known  to 
chemists  take  part  in  making  up  the  tissues  of  animals.  The 
majority  of  these  are  only  present  in  very  small  quantity  and  with 
no  great  constancy.  On  the  other  hand,  there  are  four  elements, 
namely,  carbon,  oxygen,  hydrogen,  and  nitrogen,  which  are  found 
with  such  great  regularity  and  in  so  great  quantity,  that  they  may 
be  said  to  make  up  the  great  bulk  (97  per  cent.)  of  the  animal 
frame.  The  great  constancy  with  which  these  elements  occur 
must  be  regarded  as  a  most  important  character  of  organic  tissues. 

Secondly,  in  organic  substances  the  chemical  elements  are 
associated  in  much  more  complex  and  irregular  proportions. 
Generally  a  large  number  of  atoms,  of  each  element,  are  grouped 
together  to  form  the  molecule,  and  often  the  compound  is  so 
complex  that  its  chemical  formula  remains  a  matter  of  doubt. 
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As  an  example  of  the  complexity  of  bodies  found  in  organic 
analysis,  a  remarkable  substance  called  lecithin,  which  appears  in 
the  analysis  of  protoplasm  and  many  tissues,  may  be  mentioned. 
Its  formula  may  be  expressed  thus  : — 

I 

I     ^  ''  'oh 
ch,— o— po^ 

\  O— QH.-N  (CH3)30H. 

It  is  peculiar  in  containing  nitrogen  and  phosphorus,  and  in 
construction  is  like  a  fat. 

In  inorganic  substances,  on  the  other  hand,  the  elements  are 
found  to  be  combined,  as  a  gener-al  rule,  in  simple  and  regular 
proportions.  The  molecules  are  made  up  of  but  few  elements 
arranged  in  a  definite  manner  and  firmly  bound  together,  so 
that  they  are  not  prone  to  undergo  decomposition.  As  an 
example,  we  may  take  water,  which  has  the  well-known  formula, 

H,0. 

These  bodies  may  be  taken  as  types  of  organic  and  inorganic, 
substances  respectively,  but  it  must  not  be  imagined  that  all 
organic  bodies  are  as  complex  and  irregular  as  lecithin,  or  that 
inorganic  compounds,  are  invariably  as  simple  as  water. 

It  is  further  remarkable  that  Carbon,  an  element  which  is 
peculiar  by  the  few  associations  it  forms  in  the  mineral  world, 
— where  it  is  chiefly  found  combined  with  oxygen  to  form  CO2 
— is  almost  invariably  present  in  living  textures,  in  which  it  is 
combined  with  hydrogen  and  nitrogen  as  well  as  some  oxygen. 
Carbon  exists  so  constantly  in  organic  bodies  that  the  chemistry 
of  the  carbon  compounds  was  formerly  called  organic  chem- 
istry. 

These  complex  associations  of  many  atoms  of  carbon  with 
many  atoms  of  other  elements,  are  readily  dissociated  when  ex- 
posed to  the  air  under  even  slightly  disturbing  influences.  These 
complex  bodies  are  stores  of  energy,  and  their  dissociation  sets 
free  energy  in  one  form  or  another.  They  can  burn,  i.e.,  unite 
rapidly  with  the  oxygen  of  the  air  to  yield  heat ;  or  they  may 
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putrefy  and  supply  energy  for  the  development  of  innumerable 
minute  organisms. 

Thus  instability  is  a  general  feature  commonly  met  with  in  most 
substances  of  organic  origin. 

3.  Vital  Phenomena — Assimilation. —  Chemical  insta- 
bility reaches  the  highest  pitch  in  tissues  which  are  actually  alive 
and"  engaged  in  vital  processes.  So  long  as  any  texture  lives, 
i.e.,  is  capable  of  performing  its  functions,  it  must  constantly 
undergo  chemical  changes,  a  kind  of  disintegration,  by  which  its 
energy  is  liberated,  and  a  reintegration  by  means  of  new  chem- 
ical association  with  fresh  materials."  A  tissue  may  be  said  to  be 
living  only  so  long  as  it  undergoes  this  metabolism.  The  ten- 
dency to  disintegration,  or  katabolic  change,  is  intimately  con- 
nected with  the  functional  activity  of  the  living  texture,  and 
increases  with  this  activity,  which  requires  the  expenditure  of 
some  energy.  The  reintegration  or  constructive  {anabolic) 
process  requires  the  presence  of  suitable  materials  with  which  the 
texture  may  combine,  in  order  to  make  up  for  the  loss  and 
restore  the  energy.  Thus  living  tissues  are  ever  on  the  point  of 
destruction,  which  can  only  be  warded  off  by  the  timely  recon- 
struction of  their  chemical  ingredients  by  fresh  materials.  This 
reconstruction  by  means  of  fresh  matter  from  without,  or  storing 
up  of  energy,  is  called  assimilation,  and  forms  the  most,  if  not 
the  only,  satisfactory  criterion  by  which  adequately  to  distinguish 
living  beings  from  inorganic  matter. 

The  object  of  assimilation  is  to  renew  the  materials  required 
by  the  various  textures  for  the  chemical  processes  of  their  func- 
tions. The  steps  by  which  this  is  accomplished  will  be  found  to 
form  a  great  part  of  physiological  study.  The  energy  mani- 
fested in  the  living  textures  depends  upon  the  various  oxidizing 
processes,  and  the  exact  laws  which  govern  these  combustions, 
and  the  results  they  produce  in  the  various  tissues,  practically 
make  up  the  second  part  of  physiplogy. 

The  so-called  vital  phenomena  which  take  place  in  the  tex- 
tures of  organisms  are,  for  the  most  part,  performed  by  the 
agency  of  the  living  cell-elements,  in  which  we  can  recognize  in- 
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dependent  manifestations  of  life,  such  as  the  response  to  stimulus, 
motion,  nutrition,  growth,  etc.  The  living  activity  of  organisms 
requires  for  its  perfect  development  certain  external  conditions,  , 
namely,  a  certain  degree  of  warmth  and  moisture.  Without 
these  conditions  the  chemical  interchanges  just  mentioned  cannot 
go  on,  and  the  organism  either  remains  in  a  state  of  inactivity  or 
is  destroyed. 

The  nutrition  of  the  animal  body,  which  is  accomplished  by 
means  of  assimilation,  enables  it  to  undergo  many  changes  in 
form  and  texture,  and,  up  to  a  certain  point,  to  grow.  There  is, 
however,  a  limit  to  this  assimilative  power :  nutritive  activity 
diminishes,  growth  gradually  stops,  and  after  a  time  decay  ap- 
pears and  is  followed  by  death. 

Thus  organisms  exist  only  for  a  limited  period  of  time,  during 
which  their  size,  form,  and  functional  activity  are  constantly 
undergoing  some  general  alteration,  dependent  on,  or  concurrent 
with,  the  incessant  changes  in  their  molecular  construction. 

This  cycle  of  changes  through  which  organisms  pass  we  speak 
of  as  their  life-time.  During  this  life-time,  at  the  period  when 
their  functional  activity  is  at  its  height,  they  possess  the  remark- 
able faculty  of  producing  individuals  like  themselves. 

This  is  accomplished  by  setting  apart  a  cell  which,  under  favor- 
able circumstances,  assumes  special  powers  of  growth,  increases 
in  size  by  the  rapid  formation  of  new  cells,  and  develops  into 
an  independent  living  unit.  In  time  it  arrives  at  maturity,  and 
becomes  like  its  parent,  and  passes  through  the  same  cycle — by 
its  power  of  assimilation  it  grows  to  maturity,  produces  its  like, 
then  decays  and  dies. 
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CHAPTER  II. 


GENERAL    VIEW    OF    THE    STRUCTURAL    CHARACTERS    OF 
ANIMAL  ORGANISMS. 

The  parts  played  by  Cells  in  y\g.  ^. 

the  functions  of  living  beings 
are  so  many  and  so  important, 
that  it  is  necessary  at  the  very 
outset  to  consider  the  proper- 
ties of  the  individual  elements 
somewhat  in  detail. 

The  demonstration  of  the 
cellular  structure  of  plants  was 
made  in  1832  by  a  distin- 
guished German  botanist, 
named  Schleiden,  who  con- 
sidered the  cells  to  be  charac- 
teristic of  plant  tissue.  A 
few  years  later  Schwann 
showed  that  the  animal  tissues, 
though  not  so  obviously,  were 
also  made  up  of  cells,  and 
that  they  owed  their  begin- 
ning and  development  to  the 
activity  of  cell  elements. 
Thus  originated  the  "  cellular 
theory,"  which,  with  some 
modifications,  is  now  the  basis 
of  all  physiological  inquiry. 

The  first  idea  which  was  con- 
veyed by  the  term  cell  varied 
much  from  that  which  we  now 
accept  as  a  proper  definition  of  such  an  organic  unit. 

Fully  developed  vegetable   cells  being   the   first  discovered 


Cells  from  the  Root  of  a  Plant.    (X  55°.) 

1.  Showing  youngest  cells  with  thin  walls, 
w,  filled  with  protoplasm  and  containing 
nucleus,  n,  and  nucleolus,  n'. 

2.  Older  cells  with  thicker  walls,  with  vac- 
.uoles  and  cell-sap,  s. 

3.  Shows  further  diminution  of  protoplasm 
and  increase  in  cavity,  s,  in  proportion  to  the 
growth  of  the  cell-wall,  w. 


34 


MANUAL   OF  PHYSIOLOGY. 


were  taken  as  the  type  of  all.  The  main  characteristics  of 
these  may  be  briefly  summed  up.  First,  a  membranous  sac 
called  the  cell-wall,  generally  very  well  defined,  and  secondly, 
within  the  cell-wall  various  cell-contents.  Among  the  more  con- 
spicuous of  the  latter  may  be  mentioned  (i)  a  soft,  jelly-like 
substance  called  protoplasm,  in  which  lies  a  nucleus,  and  (2) 
certain  cavities  called  vacuoles,  which  are  filled  with  a  clear 
fluid  called  cell-sap. 

Further  investigation  of  the  life  history  of  cells,  particularly 
in  the  early  stages  of  their  development,  showed  that  the  cell- 
wall,  which  played  so  important  a  part  in  the  original  concep- 
tion of  a  cell  was  not  always  present,  but  was  formed  by  the 
protoplasm  in  a  later  stage  of  growth.     The  cell-sap  and  other 


Fig    3 


/^J%1  \^x 


Diagram  of  Animal  Cell 
(Ovum).    {Gegenbauer.) 

«,  granular  protoplasm ;    b, 
nucleus:  c,  nucleolus. 


Liver  Cell  of  Man,  containing  fat  globules  {b)  and 
biliary  matters.     {Cadiat})    \ 


matters  were  found  to  occur  less  commonly,  and  appeared  still 
later  than  the  cell-wall  in  the  life-time  of  the  vegetable  cell ; 
hence  it  was  concluded  that  they  were  the  outcome  of  changes 
due  to  the  activity  of  the  protoplasm,  and  that  this  latter  was 
the  only  essential  and  formative  part  of  the  cell. 

Subsequently,  from  the  facts  that  some  vegetable  cells  in  the 
youngest  and  most  active  stage  of  their  growth  have  no  limiting 
wall,  and  that  most  animal  cells  have  none  during  any  part  of 
their  life,  it  was  proposed  to  define  a  cell  as  a  mass  of  proto- 
plasm containing  a  nucleus.  But  further  research  showed  that 
the  nucleus  was  not  always  present.  In  many  cryptogamic 
plants   no  nucleus  can   be   found,  and  in  some  animal  cells, 
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which  must  be  regarded  as  independent  individuals  (Prot- 
ameba),  there  is  no  nucleus  ,at  any  part  of  their  life-time. 
This  would  lead  us  to  suppose  that  a  mass  of  protoplasm  capable 
of  manifesting  all  the  phenomena  of  life  would  be  a  sufficient 
definition.  Though  this  is  probably  correct  in  a  few  cases,  the 
vast  majority  of  cells  do  contain  nuclei.  As  it  is  difficult  to 
divest  our  minds  of  the  connection  between  the  two,  it  has 
been  proposed  to  give  the  name  cytod  to  the  non-nucleated 
forms,  which  certainly  are  very  exceptional,  reserving  the  term 
cell  for  the  common  nucleated  unit.  Each  part  of  the  cell  may 
now  be  considered  in  the  order  of  its  importance,  viz.,  proto- 
plasm, nucleus^,  cell-wall,  and  cell-contents. 

I.  Protoplasm  is  usually  seen  to  be  a  colorless,  pale,  milky, 
semi-translucent  substance,  more  or  less  altered  in  appearance 
by  various  foreign  matters  lying  in  it.  It  has  a  granular  ap- 
pearance, but  when  fully  matured,  or  fixed,  it  exhibits  a  linear 
marking  or  fine  network.  During  life  its  consistence  is  nearly 
fluid,  varying  with  the  circumstances  in  which  it  is  placed, 
from  that  of  a  gum  solution  to  a  soft  jelly.  When  living 
unmolested  in  its  normal  medium  it  se;ems  to  flow  into  various 
shapes,  but  this  is  a  living  action  which  does  not  prove  it  to  be 
diffluent,  for  any  attempt  to  investigate  it  by  experiment  causes 
a  change  in  its  consistence  approaching  to  rigidity.  It  is  said 
to  be  composed  of  two  substances — an  elastic  reticulum, 
spongioplasm,  which  stains  readily,  and  a  fluent,  homogeneous, 
non -staining  hyaloplasm  contained  in  the  meshes  of  the  former. 

The  comprehension  of  the  functions  of  this  substance  is 
essential,  as  it  lies  at  the  root  of  the  greater  part  of  Physi- 
ology. A  more  detailed  account  of  its  properties  is  given  in 
Chapter  IV,  on  Vital  Phenomena  (p.  95),  where  it  will  be  dis- 
cussed at  greater  length. 

II.  The  Nucleus. — The  majority  of  independent  masses  of 
protoplasm,  and  all  highly  organized  cells,  contain  one  or  more 
nuclei  in  their  substance.  The  nucleus  is  able  to  resist  the 
action  of  dilute  acids  better  than  the  remainder  of  the  cell,  so 
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that  it  stands  out  clearly,  when  the  surrounding  protoplasm 
made  transparent  by  the  addition  of  weak  acetic  acid.  I 
presence  can  generally  be  made  much  more  coiispicuous  b 
treating  the  cell  with  certain  chemical  reagents,  and  variot 
dyes,  viz.,  dilute  acetic  acid  or  logwood,  which  coloi 
the  nucleus  more  quickly,  and  deeply  than  the  protoplasn 
Although  it  is  accredited  with  special  independent  mpvemen 
that  occur  under  certain  circumstances,  compared  with  th 
protoplasm  it  is  not  obviously  contractile.  It  appears  to  b 
intimately  associated  with  the  vital  phenomena  of  the  eel 
and  may  be  said  to  control  or  initiate  its  most  importar 
activity,  namely,  its  division. 

If  a  nucleus  be  carefully  examined,  it  is  found  to  consist  c 
the  following  parts  : — 

(i)  The  nuclear  membrane. 

(2)  The  nuclear  network. 

(3)  The  nuclear  matrix,  or  liquid  material  in  the  meshes  c 

the  network. 

(4)  Nucleoli. 

The  nuclear  membrane  is  a  fine  structure  formed  .by  the  eel 
protoplasm  and  surrounds  the  other  three  components  of  th 
nucleus.  It  is  achromatic,  i.e.  does  not  stain  with  the  stainin] 
reagents  usually  employed. 

The  nuclear  network  consists  of  a  number  of  fibers,  of  varyin; 
sizes,  arranged  irregularly.  A  recent  description  of  them  divide 
them  into  two  kinds,  one  termed  primary,  and  the  other  secor 
dary.  The  primary  fibers  are  the  larger,  and  each  forms  a  loo 
at  one  part  of  the  nucleus,  called  the  polar  field.  The  twi 
limbs  radiating  away  from  this  region  end  abruptly  at  the  oppo 
site  side  of  the  nucleus  or  antipolar  field.  The  secondary  fiber 
are  smaller,  and  start  from  the  sides  of  the  primary  fibers,  an( 
by  forming  connections  with  similar  secondary  fibers  from  adja 
cent  primary,  they  complete  the  nuclear  network.  These  fiber 
are  all  called  chromatic  elements,  because  they  stain  deepl 
with  the  ordinary  nuclear  stains,  logwood,  carmine,  safranin 
etc. 

The  nuclear  matrix  is  the  fluid  surrounding  the  fibers  and  i 
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Structureless.  It  does  not  stain  {achromatiri).  It  is  rich  in 
proteids. 

The  nucleoli  are  one,  or  more,  small  spherical  masses  lying  in 
the  nuclear  matrix,  distinct  from  the  network,  and  behave  differ- 
ently to  staining  reagents.     (Fig.  38.) 

Remarkable  changes  in  the  arrangement  of  the  network  are 
seen  to  precede  the  division  of  the  protoplasm  by  the  method 
called  karyokinesis.     (See  p.  99.) 

III.  The  Cell- Wall.— It  has  already  been  stated  that  the 
most  active  cells,  such  as  are  found  in  the  earliest  stages  in  the 
life  of  an  organism  (embryonic  cells),  have  no  inclosing  mem- 
brane or  cell-wall.  But  in  the  more  advanced  stages  of  cell 
life  we  find  this  second  form  of  protoplasmic  differentiation  to 
be  common  enough.  In  animal  cells  the  limiting  membrane 
has  never  the  same  importance  as  the  cell-wall  in  vegetable 
tissues,  where  some  of  the  principal  textures  may  be  traced  to 
a  direct  modification  of  the  cell-wall,  still  recognizable  as  such. 
Whenever  such  a  limiting  membrane  exists,  it  is  formed  by  the 
outer  layers  of  protoplasm  undergoing  changes  so,  as  to  become 
of  greater  consistence.  In  the  animal  tissues  the  cells  form 
various  structures,  which  are  not  limiting  membranes  or  cell- 
walls,  but  rather  give  the  idea  of  lying  between  the  cells. 
Hence,  in  one  large  group  of  tissues,  they  have  been  called 
intercellular  substance,  while  in  others  they  appear  as  materials 
specially  modified  for  the  furtherance  of  the  functions  of  the 
special  tissues. 

IV.  Cell-Contents. — Regarding  protoplasm  as  the  essential 
living  part  of  the  cell,  under  this  heading  will  come  only  those 
extraneous  matters  which  are  the  outcome  of  protoplasmic 
activity. 

The  cell-contents  which  are  present  with  such  constancy  and 
iti  such  variety  in  vegetable  cells,  form  in  them  an  all-important 
part ;  but  in  most  animal  cells  the  contents  do  not  occupy  such 
a  striking  position. 

No  doubt  animal  protoplasm,  as  well  as  that  of  vegetables, 
is  capable  of  making  out  of  its  own  substance,  when  adequate 
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nutriment  is  supplied  to  it,  a  great  variety   of  materials,  but 
these  are  seldom  stored  in  such  large  quantities  in  the  cells  of 

animals  as  in  those  of  plants. 
^'"^  t-  In  the  cells  of  some  kinds  of 

animal  textures,  particularly  that 
called  Connective  Tissue,  we 
commonly  find  large  quantities 
of  fat  formed,  and  accumulated 
to  such  a  degree  in  the  cell  that 
the  protoplasm  can  be  no  longer 
recognized  as  such  (see  Fig.  4). 
Its  remnant,  in  which  the   nu- 

Ccll   from    Connective  Tissue    Containing    cleUS  pCrsistS,  is  dcvOted  tO  form- 

l:rgl^n^L''f:™atio;,l'f°o^;^Scl='^t  ing  a  limiting  membrane  for  the 
fSl^'!)'  '''  ™''™''  '"'  '""'"'"•^"°-   fatty  contents,  so  that  the  cell  is 

converted  into  an  oil  vesicle, 
and  here  what  may  be  termed  the  contents  become  the  most 
important  part  of  the  cell.  In  various  glandular  cells,  as  will  be 
seen  hereafter,  different  substances  are  made  and  stored  up 
temporarily  in  the  protoplasm.  These  may  be  seen  as  bright 
refracting  granules,  which  are  subsequently  discharged  in  the 
secretion  of  the  gland. 

In  other  cells,  notably  those  of  the  liver,  nutrient  material 
allied  to  starch  (Glycogen)  may  be  deposited  in  considerable 
quantity,  just  as  starch  is  stored  in  certain  cells  of  plants. 
Owing  to  the  greater  and  more  constant  activity  of  most  ani- 
mals, the  amount  laid  by  never  attains  that  found  in  the.store- 
textures  of  vegetables,  where  the  result  of  an  entire  summer's 
active  work  is  put  by  as  a  provision  for  the  next  winter  and  the 
fresh  burst  of  energy  which  follows  it  in  the  spring.  In  some 
hibernating  animals  an  analogous  process  occurs. 

But  while  the  above  are  all  more  or  less  temporary  contents 
of  cells,  we  have  an  example  of  a  permanent  deposit  in  them, 
viz.,  pigment,  which  is  formed  from  the  coloring  matter  of  the 
blood  by.  the  protoplasm,  and  has  a  special  physiological  usp. 
Thus  in  the  tissue  behind  the  retina — or  nerve  layer  of  the 
eyeball — the  cells    are  filled  with  granules  of  a  pigmented  sub- 
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Stance,  which  absorb  the  h'ght  falling  upon  them,  and  thus 
prevent  reflection,  which  would  interfere  with  the  clearness 
of  sight. 

It  also  occurs  in  the  skin  of  the  negro  and  other  races,  and 
in  that  of  the  frog  and  other  animals,  but  in  these  its  function 
is  not  fully  known. 

.  Varieties  of  Cells. — Great  varieties  of  cells  are  found  in 
the  various  mature  tissues  of  the  higher  animals,  all  of  which 
have  passed  through  the  stage  of  being  a  simple  nucleated 
mass  of  protoplasm  in  the  earlier  periods  of  their  development. 
All  cells  may  then  be  divided  into  two  chief  types,  the  undif- 
ferentiated and  the  differentiated. 


Fig.  s. 
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Transverse  Section  of  Blastoderm,  showing  the  UndiflFerentiated  Elements  in  the  earlier  stage 
of  the  Development. 
A,  Epiblast;  B,  Mesoblast ;  C,  Hypoblast. 

Under  the  category  of  undifferentiated  cells  may  be  placed  all 
such  as  retain  the  characters  of  the  first  embryonic  cells,  and 
have  not  acquired  any  special  structure  or  property  by  which 
they  can  be  distinguished  from  the  simplest  form.  Such  cells 
are  the  only  ones  in  the  early  stages  of  the  embryo  (Fig.  5).  In 
the  adult  tissues  they  also  occur,  having  various  duties  to 
perform.  They  are  found  in  the  blood  and  lymph,  and  scat- 
tered throughout  the  tissues.  They  are  without  a  cell-wall, 
and  have  no  special  contents  to  mark  their  function. 

Among  the  differentiated  cells  we  find  many  special  cha- 
racters, adapting  them  to  certain  special  duties,  for  all  these 
cells  are  modified  from  the  original  type  and  applied  to  the 
performance  of  some  special  function. 

Space  prevents  even  a  short  enumeration  of  the  varieties  of 
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cells  met  with  in  the  tissues  of  plants,  where  they  not  only 
carry  on  the  active  functions  of  the  organism,  but  also  form 
the  supporting  structures. 

The  differentiation  of  a  cell  is  accomplished  by  its  protoplasm, 
which  forms  new  structural  parts,  and  sometimes  seems  itself 
to  diminish  in  quantity  until  an  element  is  produced  in  which 
there  may  be  no  protoplasm  recognizable 

We  find,  then,  matured  and  differentiated  cells  which  vary — ^" 

1.  In  shape,  being  spherical,  flattened,  fusiform,  stellate,  etc. 

2.  In  size. 

3.  In  their  mode  of  connection. 

Cells  may  also  be  classified  according  to  their  function,  e.g., 
Glandular,  Nervous,  etc.,  and  the  greater  portion  of  the 
following  pages  will  be  devoted  to  the  functions  of  these 
various  forms  of  cells. 

So  long  as  the  cell  remains  in  its  indifferent  stage  it  possesses 
the  properties  of  ordinary  protoplasm  only ;  but  by  its  further 
development  it  acquires  special  properties  not  common  to  all 
protoplasm.  These  properties  may  or  may  not  be  accompanied 
by  special  structural  change.  Thus  the  protoplasm  of  a  gland- 
cell  differs  in  little  from  that  of  any  other  cell  except  in  the 
capabilities  of  its  nuti-itive  changes  and  its  chemical  products ; 
while  on  the  other  hand,  thosfe  epithelial  cells  which  form  the 
outer  layer  of  the  skin  lose  their  protoplasmic  characters  and 
are  completely  modified  in  structure. 

Tissue  Differentiation. 

The  first  stage  in  the  existence  of  any  organism,  from  the 
simplest  form  of  plant  to  man,  consists  of  a  single  cell  (in 
animals  called  the  ovum  or  egg),  which  differs  in  no  essential 
points  of  structure  from  an  ordinary  cell. 

There  is  moreover  a  class  of  organisms  in  which  the  indi- 
viduals never  go  beyond  this  stage,  but  pass  their  entire  life- 
time in  the  state  of  a  simple  unicellular  organism.  The  indi- 
viduals composing  this  group  (^Protista),  though  insignificant 
in  point  of  size,  may  vie  with  the  higher  plants  and  animals  in 
number,  species,  and  variety  of  form,  so  that  they  might  well  be 
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Fig.  6. 
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placed  in  a  kingdom  by  themselves   (as   has  been  proposed) 
apart  from    the    vegetable    and 
animal  kingdoms. 

The  group  of  these  organisms 
which  most  resembles  animals, 
is  called  Protozoa,  and  is  divided 
from  other  animal  forms  by  the 
manner  of  development  of  the 
ovum  of  the  latter,  which  di^ 
vides  into  cells  that  subsequently 
become  differentiated  into  tis- 
sues.    This  group  is  called  the  Metazoa. 

In  the  Protozoa  the  ovum  never   divides,  the  animal  always 
remaining  a  single  cell.     On  the   contrary,  the  ovum   of   the 
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Unicellular  Organism.    Small  Ameba 
Changing  its  Shape.    {Cadiat,) 


Ftr.  7. 


'^'^■^^ 


Stages  in  the  Division  of  the  Egg  Cell  (ovum),  showing  the  Production  of  a  Multiple  Mass 

by  Division.     {Gegenbauer.) 

a,  undivided  ovjim  ;  b,  stage  of  primary  division ;  c  and  d^  secondary  stages  of  division ;  e^ 

morula  or  mulberry  stage. 


Metazoa  changes  its  characters  during  its  development.     At  first 
possessing  a  stage  common  to  both  divisions,  viz.,  a  single  cell, 
it  soon  passes  through  rapid  stages  of  Cell  proliferation,  and  is 
converted  into  a  multiple  mass,  the  mulberry  stage  or  Morula. 
4 
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The  cells  forming  this  Morula  stage  approach  the  periphery 
of  the  mass,  where  they  arrange  themselves  in  two  layers,  and 
form  a  cavity  in  the  center.  This  is  known  as  the  Gastrula 
stage.  Following  this  cell  multiplica- 
tion we  find  a  qualitative  differentiation 
of  the  cells,  by  which  certain,  groups  of 
cells  assume  special  peculiarities,  fitting 
them  for  some  special  duty. 

Thus  we  arrive  at  the  production  of 
special  textures  and  organs  such  as  are 
met  with  in  the  higher  animals,  and 
which  are  necessary  for   the  efficient 
discharge  of  the  various  functions  car- 
ried on  during  their  lives.     The  divi- 
Diagram  showing  the  First  Dif-   sion  of  the  Original  mass  of  indifferent 
IrExTeJ^ail'd^^tTnifEiyTr  cells  into  two  layers  of  special  cells  is 
mouA;  l^'aHmenta^r^'^lvUy;   the  first  Step  toward  tissuc  differcntia- 
tbegtnbaue^.i   "'  ""^°''"'"-    tion,  and  in  some  animals  is  the  only 
one    arrived   at   in   their  life   history, 
throughout  which  they  remain  a  simple  sac  made  up  of  an  exter- 
nal layer,  Ectoderm,  and  an  internal  layer,  Endoderm. 

The  groups  of  cells  forming  the  outer  and  inner  layers  of  this 
stage  of  development,  not  only  form  the  primitive  tissues,  but 
also  represent  the  first  appearance  of  organs  or  parts  with  a  spe- 
cific function.  The  external  or  ectodermic  layer  is  the  support- 
ing, protecting,  motor,  and  respiratory  organ,  while  the  inner  or 
endodermic  layer  is  devoted  to  a  primitive  form  of  digestion, 
preparing  the  food  for  assimilation,  and  generally  presiding  over 
the  nutrition  of  the  body. 

Although  this  sac-like  (Gastrula)  stage  is  supposed  to  have 
formed  a  step  in  the  life  history  of  nearly  all  animals,  yet  it 
forms  a  less  striking  part  in  the  development  of  the  individuals 
as  we  ascend  the  animal  scale,  and  in  the  higher  animals  such  a 
stage  is  hardly  recognized.  In  the  Vertebrates,  the  germ-cells 
derived  from  the  ovum  are  from  an  early  period  divided  into 
three  distinct  layers,  as  those  which  correspond  to  the  Ectoderm 
and  Endoderm  of  the  lower  organisms  form  between  them  a 
third  layer  or  Mesoblast. 
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From  these  germinal  layers  all  the  organs  and  tissues  of  the 
body  are  subsequently  evolved.  In  embryological  language 
the  three  primitive  layers  are  called  Epiblast,  Mesoblast,  and 
Hypoblast. 

Thus  it  can  be  seen  that,  as  we  can  compare  the  primitive 
unicellular  state  of  the  lowest  animals  with  the  first  egg-cell 
stage  of  existence  of  the  highest  animals,  so  we  can  compare 
all  the  steps  of  tissue  and  organ  differentiation  as  we  trace  them 
in  the  embryo  of  a  mammal,  with  the  steps  of  elaboration  in 
organic  and  textural  parts  that  we  find  in  ascending  the  scale 
of  animal  life. 

Fig.  9- 


A.  Epiblast. 


Transverse  Section  of  Blastoderm  of  Chick. 
B.  Mesoblast.  C.  Hypoblast.  pr.  Primitive  groove. 


The  history,  then,  of  the  development  of  any  mammal  from  a 
single  cell  or  egg  to  the  complex  adult  individual,  is  analogous 
with  the  more  protracted  history  of  the  evolution  of  the  animal 
kingdom  from  the  Protista  upward. 

It  is  impossible  to  separate  the  differentiation  of  tissues  and 
organs,  or  to  say  which  is  of  older  date  in  the  history  of  animal 
evolution.  Even  in  unicellular  animals,  where  we  have  no  trace 
of  tissue  difference  (Paramecium,  Vorticella),  there  being  only 
one  cell,  we  have  a  distinct  foreshadowing  of  organic  and 
functional  differentiation  "(vide  Chapter  III).  And  in  creatures 
made  of  many  parts,  the  same  cells  have  several  duties  to 
perform.  But  when  an  aggregation  of  specialized  cell-units 
exists,  it  may  be  said  to  be  a  tissue.     If  these  cells  have  no 
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very  special  characteristic  then  the  tissue  may  be  called 
primitive  or  embryonic.  But,  as  has  just  been  stated,  the 
aggregration  of  embryonic  cells — in  the  higher  forms  of  life — 
have  special  characters  from  the  very  first,  which  mark  them 
off  from  one  another  as  destined  for  different  functions. 

The  middle  germ-layer  (mesoblasl)  is  derived  from  the 
upper  (epiblast)  and  lower  (hypoblast),  the  relative  amount 
contributed  by  each  being  doubtful.  From  the  earliest  period 
the  middle  layer  has  distinctive  characteristics,  and  ultimately 
gives  rise  to  a  set  of  tissues  which  can  always  be  distinguished 
from  those  which  originate  from  the  upper  and  lower  layers. 

From  the  inner  and  outer  germ-layers  are  formed  several 
connective  tissues,  which,  in  a  more  or  less  perfect  degree,  ' 
retain  the  activity  of  the  original  protoplasm,  and  hence  may 
be  called  active  tissues.  From  the  middle  germinal  layer  is 
developed  a  set  of  textures,  in  the  majority  of  which  the 
protoplasmic  elements  are  reduced  to  a  minimum,  and  are 
therefore  grouped  together  as  supporting  tissues. 

The  tissues  found  in  the  adult  may  be  classified  into  foui: 
groups : — 

1.  Epithelial  Tissues.     The  primitive  surface  tissues  of  the 

epiblast  and  the  hypoblast,  which  are  variously  modified 
for  several  distinct  functions., 

2.  Nerve  Tissues.     Springing  from  the  former,  are  modified 

for  receiving,  conducting,  controlling,  and  distributing 
impressions. 

3.  Muscle,  or  Contractile  Tissues.     In  close  relation  to  both 

the  previous  and  the  next  groups. 

4.  Connective  Tissues  formed   only  from   the  middle  germ- 

layer.  They  are  much  modified  in  different  parts,  so  as 
to  give  shape  to  the  body,  and  to  support  and  hold  the 
various  organs  and  parts  firmly  together.  They  are,  in 
fact,  the  materials  used  in  the  general  body  architecture. 

I.  Epithelial  Tissue,  although  the  oldest  tissue,  both  in  the 
animal  series  and  in  developmental  history,  retains  the  embryonic 
character  of  being  entirely  composed  of  cells  placed  in   close 
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relationship  on  the  internal  and  external  surfaces  of  the  body. 
The  individual  cells  retain  the  embryonic  character  in  form  and 
function,  being  soft  rounded  masses  of  protoplasm,  only  altered 
in  shape  by  the  pressure  of  their  neighbors.  The  cells  which 
lie  next  the  nutrient  vessels  of  the  mesoblast,  are  endowed  with 
energetic-  powers  of  growth  and  reproduction.     As  the  young 


Fig. 


Section  of  the  Epiderm  of  the  Prepuce,  showing  the  Superimposed  Layers  of  Cells  of  a 
Stratified  Epithelium.     {Cadiat.) 
a,  young  proliferating  cells ;    b-d,  cells  advancing   toward  surface ;  d,  flattened  cell  or 
horny  layer;  y,  Basement  membrane;   g,  connective  tissue. 


cells  are  produced  they  take  the  place  of  the  parent  cell,  whose 
future  life-history  determines  the  special  characters  of  the  differ- 
ent kinds  of  tissues. 

Sometimes  the  cells  are  retained,  as  in  the  skin,  and  are  ar- 
ranged in  several  layers,  one  over  the  other.  As  the  cells  are 
conveyed  from  the  deeper  layer,  where   they  take  their  origin, 
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toward  the  surface,  the  efforts  of  the  waning  nutritive  power  of 
the  protoplasm  are  devoted  to  the  manufacture  of  a  tough  insolu- 


FlG. 


Fig.  12 


Two  Cells  of  Scaly  Epithelium  from  the  Inside 
of  the  Cheek.    {Ranvzer,) 


Section  of  Milk-gland  of  Cat,  show- 
ing Secreting  Cells  containing  Fat 
Globules,  and  some  Secretion  in 
Alveoli. 


ble  substance.     The  cells  thus  gradually  lose  their  vital  activities, 
and  are  converted  into  horny  scales,  which "  form  the  external 


Fig.  13. 


Fig.  14. 


Ciliated    Epithelial    Cells    from        Stratified  Ciliated  Epithelial  Cells  from  the  Trachea 
the  Gills  of  Mussel.    (Cac/iai.)  of  Man.    (Cadiat.) 

a,  large  surface  cells,  with  cilia  on  surface ;  b,  lower 
cells  in  earlier  stage  of  development ;  c,  cell  charged 
with  mucus. 


protecting  skin,  and  its  many  modifications  giving  rise  to  the 
different  dermal  appendages,  such  as  hair,  feathers,  etc.   Instead 
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of  a  horny  substance,  the  protoplasm  may  manufacture  fat  in  the 
bodies  of  the  cells,  as  seen  in  the  mammary  gland,  and  sebaceous 
glands  of  the  skin.  In  other  cases  the  reproductive  activity  of 
the  cell  is  in  abeyance,  and  its  nutritive  energy  is  devoted  to  the 
manufacture  of  a  material  which  is  poured  out  of  the  cell  at  cer- 
tain periods.  Thus  we  have  another  function  performed  by  the 
epithelial  tissues,  namely,  that  of  manufacturing  certain  materials 
which,  being  collected  by  suitable  channels,  appear  as  secretions. 

The  active  elements  of  glandular  tissue  are  epithelial  cells 
whose  nutrition  leads  to  the  formation  of  specilic  chemical  pro- 
ducts within  their  protoplasm.  These  products  pass  out  com- 
monly as  fluids,  and  form  various  substances  of  great  importance 
in  the  economy.  A  gland  is  simply  a  special  arrangement  of 
epithelial  cells  lining  the  sacs  or  tubes  into  which  the  secretion 
is  poured. 

Some  tracts  are  covered  with  fine  moving  hair-like  processes, 
called  cilia,  which  give  rise  to  a  slight  motion  of  the  fluids  in 
contact  with  them  (Fig.  13). 

The  epithelium  in  various  places  is  thus  seen  to  be  modified 
in  different  ways,  so  as  to  make  it  suitable  for  the  special  func- 
tion of  the  part  in  which  it  is  placed. 

Other  differences  will  be  given  in  detail  with  the  description 
of  the  uses  of  the  many  mucous  surfaces.  The  most  interesting 
modifications  are  those  in  the  special  sense  organs,  where  the 
cells  are  in  immediate  connection  with  nerves,  and  aid  in 
forming  the  special  nerve  terminals.* 

2.  Nerve  Tissues. — The  great-  nervous  centers  are  formed 
from  the  cells  of  the  epiblast,  which,  in  the  earliest  days  of  the 
embryo,  form  a  longitudinal  furrow,  which  sinks  into  the  cells 
of  the  mesoblast.  By  the  rapid  growth  of  the  latter,  the  de- 
pressed part  is  cut  off'  from  the  rest  of  the  epiblast,  and  forms 
the  rudiment  of  the  spinal  cord  and  brain.  In  looking  for 
special  conducting  tissue  in  animals  possessing  the  most  simple 
structure,  we  find  cells  which  would  seem  to  possess  certainly  a 

*  A  further  account  of  the  Histology  of  these  tissues  will  be  found  in  the  chapters  spe- 
cially devoted  to  these  subjects. 
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two-fold,  and  possibly  a  three-fold  function — one  of  which  ii 
conduction.  In  the  so-called  "  neuro-muscular "  cells  of  th( 
hydra,  processes  are  described  as  passing  off  from  thera,  anc 
uniting  beneath  the  ectoderm  with  other  fiber-like  processes 
which  are  evidently  contractile.  Here  we  mention  for  the  firsi 
time  a  portion  of  protoplasm  specially  devoted  to  acting  as  i 
conductor  of  impulses,  and  attached  by  the  one  end  to  aeon 
tractile  fiber,  and  by  the  other  to  a  surface  (sensory)  cell.  The 
intimate  relation  between  the  development  of  nerve  and  musclt 
fibers  is  thus  established,  and  we  have  the  first  indication  of  i 
nerve  mechanism,  viz.,  a  cell  capable  of  receiving  stimulation. 


FlK.  IS. 


Fig.  i6. 


Epithelial  Cells,  some  of  which  are  filled 
with  Mucus,  dj  forming  Goblet-like 
Cells.     {^Cadiat.) 


Neuro-muscular  Cells  of  Hydra. 
tn,  contractile  fibers.  {KUin- 
enberg.') 


and  a  fiber  capable  of  transmitting  the  resulting  impulse.  As 
further  differentiation  proceeds,  each  of  these  parts  becomes 
more  distinct  from  the  other,  and  ultimately  the  nerve  tissue  is 
found  to  be  made  up  of  nerve  fibers,  and  special  cells,  forming 
nerve  endings. 

The  fibers  act  as  lines  of  communication  between  ganglion^ 
cells :  they  connect  together  the  numerous  cells  in  the  various 
parts  of  the  brain  and  spinal  cord,  or  pass  between  those  ,o 
the  central  nervous  organs  and  ganglia  distributed  throughoui 
the  body,  which  might  be  called  the  peripheral  nerve-organs. 

The  simplest  idea,  then,  of  a  special  nerve  apparatus  is  a  fibej 
connecting  two  cells.  The  peripheral  cell  may  be  a  receiving 
organ  (Fig.  17,  s),  from  which,  when  stimulated,  impulses  ar< 
transmitted  along  the  fiber  to  the  central  nerve  cell,  where  thej 
give  rise  to  certain  impressions,  and  so  we  have  a  sensory  nerv( 
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apparatus.  Or  the  central  nerve  cell  may  be  the  receiving  agent, 
getting  stimuli  from  its  central  neighbors,  and  transmitting  im- 
pulses to  a  peripheral  nerve  ter- 
minal, by  which  they  are  handed 
over  to  a  muscle  (m)  or  gland, 
and  thus  we  have  a  simple  motor 
or  secretory  apparatus.  Where 
the  effect  <jf  a  stimulus  can  be 
definitely  traced  from  one  nerve 

Fig.  17. 


Three   Medullated  Nerve-fibers,  the  Medul- 
S,   sensory  receiving  organ  with  attached       lary  Sheath  of  which  is  Stained  Dark  with 
afferent  nerve-fiber :  G_,  central  organs —        Osmic  Acid      N.  Nodes  of  Ranvier. 
ganglion  cells ;   M,  peripheral  organ  and    Two  Non-medullated  Nerve-fibers,  with  Nu- 
efferent  nerve.  clei  in  the  Primitive  Sheath. 


cell  to  another,  and  from  thence  by  a  second  fiber  to  a  third 
cell,  the  impulse  is  said  to  be  reflected  by  the  second  cell  to 
the  third.     And  there  we  have  what  is  called  a  reflex  act. 

The  essential  part  of  a  nerve  fiber  is  a  kind  of  protoplasmic 
band,  in  which  the  finest  fibrillar  or  thread-like  marking  can  be 
made  out  with  the  aid  of  reagents  and  a  powerful  microscope. 
This  is  called  the  axis- cylinder.  In  some  nerve  fibers  (mostly  in 
the  brain  and  spinal  cord)  the  axis-cylinder  is  naked,  and  even 
a  single  fibril  may  so  pass  from  one  cell  to  another  in  the  brain 
matter.  In  other  parts  the  axis-cylinder  is  generally  covered 
by  a  thin  membrane,  called  the  primitive  sheath,  or  with  a  soft 
oil-like  substance,  called  the  medullary  sheath,  or,  as  is  commonly 
the  case  in  most  peripheral  nerves,  by  both.  The  primitive 
sheath  incloses  the  medullary  sheath,  which  surrounds  the 
axis-cylinder. 

These  fibers  are  made  of  peculiarly  modified  cells,  which  are, 
5 
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however,  so  elongated  as  not  to  be  very  easily,  recognized  as 
such  in  adult  tissue. 


Fig.  ig. 


Multipolar  Cells  from  the  Anterior  Gray  Column  of  the  Spinal  Cord  of  thie  Dog-fish. 
a  lying  in  a  texture  of  fibrils;  3,  prolongation  from  cells;  c,  nerve-fibres  cut  across, 


Fig.  20. 


Fig. 


■  Ganglion  Cells  of  Frog,  showing  Straight 
and  Spiral  Fibers.  {After  Beale  and 
Arnold.) 


Cells  from  the  Sympathetic  Ganglio 
of  a  Cat.  The  protoplasm  is  n 
tracted  here  and  there  from  th 
cell-wall. 


The  nerve  or  ganglion  cells  vary  extremely  in  general  forr 
and   size.     The    commonest   in   the   nerve    centers    are    larg 


MUSCLE  TISSUES.  51 

bodies  with  a  clear,  well-defined,  vesicular,  single  nucleus,  and 
distinct  nucleolus  j  they  have  two  or  more  processes,  which  are 
connected  by  nerve  fibers  to  other  cells,  and  to  the  axis  cylinder 
of  nerves. 

The  peripheral  nerve  cells  are  generally  much  modified,  and 
often  small  compared  with  those  in  the  centers.  Besides  the 
cells  in  the  sporadic  ganglia,  which  are  large  rounded  corpuscles 
with  but  few  processes,  there  are  many  other  bodies  connected 
with  the  peripheral  nerves  which  cannot  be  called  ganglion 
corpuscles.     They  are  nevertheless  nerve  cells. 

3.  Muscle  or  Contractile  Tissues.- — When  changes  take 
place  in  protoplasm  adapting  it  specially  for  contraction,  it  is 
termed  muscle  tissue.  The  large  masses  of  this  tissue  attached 
to  the  skeleton  so  as  to  move  its  various  parts,  form  the  flesh 
of  the  higher  animals.  Muscle  tissue  is,  almost  invariably, 
connected  with  nerve  tissue,  and  acts  in  response  to  stimuli 
communicated  from  the  nerves.  In  some  of  the  lower  animals 
the  two  tissues  are  so  intimately  related  that  it  is  not  easy  to 
distinguish  them,  and  the  development  of  both  progresses 
equally  as  we  ascend  the  scale  of  animal  life. .  They  are  nearly 
related  in  their  origin,  or  even  spring  from  the  same  primitive 
tissue.  In  fact,  as  has  already  been  mentioned  {vide  p.  47), 
they  form  but  one  structure  in  some  of  the  more  simple  and  less 
differentiated  animals.  The  n euro-muscular  tissue,  which  is 
formed  from  the  outer  layer  of  the  embyro,  is  the  forerunner  of 
the  muscles  as  well  as  of  the  nerves  of  the  embryo  of  the  higher 
animals. 

In  the  higher  animals  and  man,  muscle  tissue  consists  of  three 
kinds,  known  as — 

a.  Smooth,  or  non-striated  muscle. 

b.  Striated  muscle. 

c.  Heart  muscle. 

In  the  smooth  muscle  the  individual  elements  present  the 
characters  of  elongated  and  flattened  cells,  and  contain  single 
long  nuclei.  They  contract  very  slowly,  and  require  a  compara- 
tively long  time  for  the  nerve  influence  to  affect  them,  so  that  an 
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obvious  interval  exists  between  the  moment  of  their  stimulation 
and  their  contraction.  They  are  found  in  the  internal  organs 
and  in  situations  where   gradual  and   lasting   contractions  are 


Fig.  22. 


Fig.  23. 


Cells  of  Smooth  Muscle-tissue  from  the  Intestinal  Tract 

of  Rabbit.     {Ranvier.) 
A  and  B,  muscle-cells   in  which   differentiation   of  the 

protoplasm  can  be  well  seen.    {Sckafer.) 


Two  Fibers  of  Striated  Muscle, - 
in  which  the  contractile  subr  , 
stance,  m,  has  been  rup*- 
tured  and  separated  from  the 
sarcolemma,  a  and  j ;  P, 
space  ^  under  sarcolemma. 
{Ranvier.) 
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required.  They  receive  their  nervous  supply  generally  from  the 
sympathetic  system,  and  generally  perform  their  duty  without  our 
being  conscious  of  their  activity  or  being  able  to  control  it  by 
our  will. 

Striated  muscle  tissue  is  made  up  of  cylindrical  fibers  of  such 
length  that  both  extremities  cannot  be  brought  into  the  field  of 
the  microscope  at  the  same  time.  Their  exact  relation  to  cells 
is  not  so  easily  made  out  as  in  smooth  muscle,  and  doubtless 
varies  in  different  muscles.  Sometimes  the  fibers  are  made  up  of 
single  cells,  and  in  other  cases  they  are  formed  by  the  permanent 
fusion  of  several  cell-elements  which  never  differentiate  into 
separate  elements,  owing  to  the  imperfect  division  of  the  cells, 
but  make  up  one  mass,  the  multiple  nuclei  of  which  alone  make 
its  mode  of  origin  apparent.  The  contractile  substance  is  made 
up  of  two  kinds  of  material,  one  of  which  looks  light  and  the 
the  other  dark  by  transmitted  light.  These  are  ranged  alter- 
nately across  the  fiber,  making  the  transverse  markings  or  strise 
from  which  it  gets  its  name.  This  striated  material  is  quite  soft 
and  is  encased  in  a  thin  homogeneous  elastic  sheath  called 
sarcolemma,  which  fits  closely  around  the  soft  contractile  sub- 
stance. 

This  form  of  muscle  is  the  widest  departure  from  the  primitive 
protoplasmic  type,  being  specially  modified  so  as  to  perform 
strong  and  quick  contractions.  It  moves  with  wonderful  rapidity, 
contracting  almost  the  instant  its  nerve  is  stimulated.  It  forms 
the  great  mass  of  the  quick-acting  skeletal  muscles,  being  attached 
to  the  bones  by  bands  composed  of  a  form  of  fibrous  tissue, 
which  form  the  tendons  and  fasciae.  Muscles  made  of  striated 
tissue  are  frequently  under  the  control  of  the  will,  and  hence  are 
commonly,  spoken  of  as  voluntary  muscles,  but  this  term  is  mis- 
leading, for  the  action  of  many  striated  muscles  is  habitually 
unconscious  and  cannot  be  governed  by  voluntary  control. 

4.  The  Connective  Tissue  group,  coming  exclusively  from 
the  mesoblast,  exhibits  very  great  varieties  of  form.  Its  cells 
differ  much  from  the  epithelial  cells,  both  in  their  character  and 
their  relations,  and  particularly  in  the  adult  tissues. 
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Under  the  heading  Connective  Tissues  are  generally  classed 
all  those  which  support  the  frame  and  hold  together  the  various 
other  tissues  and  organs.     They  are — 

a.  Mucous  tissue. 

b.  Retiform  connective  tissues. 

c.  White  fibrous  tissue. 

d.  Yellow  elastic  tissue. 

e.  Cartilage. 
/.  Bone. 

g.  Endothelium. 

The  cells  of  all  these  tissues  have  the  property  of  manu- 
facturing some  material  which  does  not  generally  inclose  them 
as  a  cell-wall,  but  remains  between  the  cells  and  forms  the 
intercellular  substance.  The  younger  the  tissue  the  greater  is 
the  proportion  of  its  cellular  constituents,  and  the  older  the 
tissue  the  greater  will  be  found  the  preponderance  of  the 
intercellular  substance. 

(a)  Mucous  Tissue. — In  certain  parts  of  the  embryo  and 
in  some  of  the  lower  animals  a  kind  of  connective  tissue  is 
found  in  which  there  is  but  little  intercellular  substance,  the 
mass  of  the  tissue  being  thus  made  up  of  cells.  The  cellular 
connective  tissue  never  forms  an  important  texture  in  the 
adult,  but  is  interesting  as  the  probable  material  from  which 
the  connective  tissues  are  formed  in  the  embryo,  and  as 
occurring  io  abnormal  growths  or  tumors. 

The  first  step  in  its  differentiation  is  the  secretion  of  a  large 
quantity  of  soft,  homogeneous,  semi-gelatinous  or  fluid  material, 
like  the  mucus  secreted  by  epithelium.  In  this  the  cells  lie, 
either  free  or  united  by  long  protoplasmic  processes.  The 
processes  uniting  the  cells  may  not  be  present,  and  the  cells 
may  be  reduced  to  a  minimum,  as  occurs  in  the  vitreous 
humor  of  the  eye. 

(J>)  Retiform  Tissue. — More  commonly  the  soft  gelatinous 
substance  is  reduced  in  amount,  and  the  processes  connecting 
the  cells  are  converted  into  a  dense  network  of  delicate  threads 
to  form  the  retiform  tissue  of  lymphoid  structures. 
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Transverse  Section  of  the  Chorda  Dorsalis  and  Neighboring  Substance, 
rt,  cartilage  cells ;  3,  cell  of  the  middle  layer  of  embryo  ;  c,  mucous  tissue ;  t/j  boundary  of 
chorda.     (Cadt'at.) 


Fig.  25. 


Cells  of  Mucous  Tissue  with  Branchmg  Processes,  B,  and  a  Couple  of  Elastic  Fibers,  F. 

{Jianvter.) 
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(f)  White  Fibrous  Tissue.— The  cells  of  the  l^st 
described  variety  may  become  differentiated  by  a  process/of 
fibrillation.  The  growth  of  the  cells  leads  to  the  formation  of  a 
fibrillated  substance  which  ultimately  forms  the  great  bulk  of 
the  tissue,  while  the  cells  become  gradually  and  proportionately 
fewer  in  number.  In  this  case,  only  sufficient  of  the  mucous 
substance  generally  remains  to  cemenr  the  fibrils  together  into 


Fig.  26. 


Fig.  27. 


Coarse,  tf ,  and  Fine,  6,  Yellow  Elastic  Fibers 
after  treatment  with   strong  acetic  acidi  ' 
{Cadiat.) 


Elastic  Membrane  froitt  inner-coat  of 
Aorta,  and,  below,  meshwork  of  Elas- 
tic Fibers  from  a  Yellow  Ligament, 
[Cadiat.) 


bundles.  A  few  of  the  cells,  however,  remain  between  the 
bundles  of  fibrils  to  preside  over  the  nutrition  of  the  tissue. 
Thus  is  formed  the  non-elastic  or  white  fibrous  tissue  of  tendon. 
(Fig.  28.) 

These  fibrils  of  white  fibrous  tissue  are  easily  affected  by 
chemical  reagents.  Weak  acids  cause  them  to  swell  up  and 
become  indistinct.     Baryta  water  affects  the  cement  and  renders 
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Fig.  28. 


them  easily  separable.     They  swell  and  dissolve  in  boiling  water, 
yielding  gelatin,  which  forms  a  jelly  on  cooling. 

((/)  Yellow  Elastic  Tissue. — In  some  parts  of  the  body 
a  kind  of  intercellular  substance  is  formed,  which  differs  in 
many  respects  from  the 
foregoing.  It  is  highly 
elastic,  does  not  give 
gelatin  on  boiling,  and 
is  not  affected  by  weak 
acids  or  alkalies.  In 
bulk  it  has  a  pale  yjellow 
color,  and  is  spoken  of 
as  yellow  elastic  tissue. 
It  is  sometinjes  found 
alone  forming  an  elastic 
band  or  ligament,  but 
more  commonly  min- 
gled with  fibrillar  tissue 
to  form  the  connect- 
ing medium  which  lies  under  the  skin  and  between  the  various 
other  textures.     (Figs.  26  and  27.) 


^  Teased  Preparation  of  Connective  Tissue  showing 
fine  and  coarse  elastic  fibers  mingled  with  bundles  of 
fibrillar  tissue  and  connective  tissue  corpuscles. 


Fig.  29. 


Fig.  30, 


Section  of  Hyaline  Cartilage,  from  the 
end  of  a  growing  bone,  showing  a  de- 
crease in  the  intercellular  substance 
compared  with  the  number  of  cell-ele- 
ments, which  are  arranged  in  rows. 


Elastic  Fibro-cartilage,  showing  cells  in  capsules 
and  elastic  fibers  in  matrix,    ( Caeiiat.) 
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(e)  Cartilage. — In  this  tissue  the  intercellular  substance 
secreted  by  the  cells'  is  hard,  and  forms  in  the  earlier  stages  of 
its  development  cases  or  cell-walls  for  the  cells.  These  cases 
subsequently  increase  in  thickness,  and  become  fused  together 
into  a  homogeneous  intercellular  substance,  where  ultimately 
the  areas  belonging  to  the  different  cells  can  no  longer  be 
distinguished  from  one  another,  so  that  in  the  adult  tissue  there 
is  a  tough  matrix  of  intercellular  substance,  in  which  the  cells 
are  scattered,  apparently  occupying  small  cavities.  These  cells 
preside  over  the  nutrition  of  the  tissue.  The  intercellular 
substance,  which  is  quite  homogeneous  in  common  hyaline 
cartilage,  is  sometimes  modified  so  as  to  resemble  fibrous  tissue. 

Fig.  31. 


White  Fibro-cartilage,  showing  cells,  a,  in  capsules  and  ftbrillar  matrix,  6,    {Cadiat.) 


sometimes  the  fibrillar,  and  sometimes  the  elastic  form  being 
produced.     (Figs.  30  and  31.) 

(/)  Bone. — This  is  the  most  marked  differentiation  of  the 
connective  tissue  group.  The  intercellular  substance  is  charac- 
terized by  containing  a  great  quantity  of  inorganic  matter  (65 
per  cent,  of  total  solids),  which  gives  the  bone  its  enormous 
strength.  The  cells  of  the  tissue  are  inclosed  in  little  cavities 
called  lacuna,  which  are  related  by  minute  canaliculi  to  each 
other.  The  intercellular  substance  is  everywhere  traversed  by 
the  processes  of  the  cells  lying  in  the  little  canals  which  connect 
the  lacunae,  and  thus  the  adequate  nutrition  of  the  tissue  is 
secured.     Chemically,  bone  tissue  consists  of  about — 
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Calcium  phosphate,  .           .                                  .    .  53 

Calcium  carbonate, .  n 

Magnesium  phosphate,  calcium  fluoride  and  soda  salts,  I 

Gelatin-yielding  animal  matter, 33 

In  the  formation  of  bone  from  fibrous  or  cartilaginous  tissue 
the  original  intercellular  substance  disappears,  and  a  set  of 
cells  with  new  formative  powets  come  upon  the  field  (Fig.  33). 
These  new  cells  (osteoblasts)  cover  the  growing  surface  of  the 


Fig.  32. 


Transverse  Section  of  Bone  showing  a  System  of  Havers,  with  Haversian  canal  in  center, 
and  bone-cells  arranged  around  it  in  lacuna,  which  are  connected  by  the  delicate  can- 
aliculu    {Cadiat.) 


bone  and  secrete  and  lay  down  in  layers  a  new  kind  of  inter- 
cellular substance,  which  is  the  bone  matrix.  Here  and  there, 
at  wonderfully  regular  intervals,  an  osteoblast  ceases  to  secrete 
the  calcareous  intercellular  substance,  while  its  neighbors  con- 
tinue formative  activity.  Consequently,-  this  osteoblast,  or  as  it 
may  now  be  called  young  bone  cell,  becomes  surrounded  by  cal- 
careous intercellular  substance,  and  is  permanently  lodged  in 
the  bone  tissue. 
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Fig.  33. 


Section  Through  Ossifying  Cartilage  and  Young  Bone.     {Cadiat.) 


a.  Cartilage  cells. 

b.  Degenerating  cartilage  cells. 

c.  Cell  space,  empty. 

d.  Spiculse  of  calcareous  deposit. 


e.  Blood  corpuscles. 
/.  Osteoblasts. 
g.  Ditto  of  periosteum. 
k.  Bone  cells. 
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(g)  Endothelium.^Wherever  a  surface  occurs  in  the  con- 
nective tissues  it  is  generally  covered  by  a  single  layer  of  thin 
cells  with  a  characteristic  outline,  which  can  only  be  made  visible 
by  staining  the  intervening  cement  substance  with  silver  nitrate. 
This  tissue,  which  forms  the  immediate  lining  of  all  vessels  and 
spaces  developed  in  the  tissues  arising  from  the  mesoblast,  is 
called  endothelium,  in  contradistinction  to  the  epithelium  devel- 
oped from  the  epi-  and  hypoblast. 

The  Vascular  System  is  developed  in  the  mesoblast  with 
the  earliest  stages  of  the  connective  tissue.  The  blood  vessels, 
which  are  chiefly  made  up  of  connective  tissues,  soon  traverse 
all  parts  of  the  body,  and  distribute  the  nutrient  fluid  or  blood. 
'  The  blood  may  be  considered  as  an  outcome  of  the  connective 
tissues,  since  the  corpuscles  of  the  blood  are  at  first  formed  from 
the  cells  'of  the  mesoblast,  and  later  from  the  connective  tissue 
corpuscles. 

An  arrangement  of  special  cells,  such  as  epithelial  or  muscle 
cells,  with  a  special  function,  constitutes  an  Organ.  However, 
in  the  higher  animals  and  man  an  organ  is  almost  invariably  a 
complex  structure,  having  various  tissues  entering  into  its  con- 
struction. Thus  a  skeletal  muscle  is  made  up  of  a  quantity  of 
muscle  fibers  held  together  by  sheets  of  connective  tissue,  and 
attached  to  bones  by  connecting  bands.  It  is  further  traversed 
by  many  blood  vessels,  and  the  fibers  are  in  immediate  relation 
to  certain  nerves  which  terminate  in  them. 

The  various  secreting  organs  are  made  up  of  epithelial  cells, 
held  together  by  connective  tissue  in  close  relation  to  blood 
vessels  and  nerves,  and  are  so  arranged  that  they  pour  their  se- 
cretion into  a  duct.  The  bones,  which  are  the  organs  which 
give  the  body  support,  contain  in  addition  to  the  bone  tissue  of 
which  they  are  composed,  a  great  quantity  of  indifferent  cells, 
fat  cells,  nerves  and  blood  vessels.  They  are  covered  on  the  out- 
side with  a  tough  vascular  coat,  which  gives  them  strength,  assists 
in  their  nutrition,  growth,  and  repair,  and  acts  as  a  point  of 
attachment  for  the  muscles  and  ligaments.  Where  the  bones  are 
in  contact  at  the  joints,  they  are  tipped  with  hyaline  cartilage. 
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If,  then,  we  analyze  anatomically  the  architecture  of  the  human 
body,  we  find  that  it  is  made  up  of  a  number  of  complex  parts, 
each  adapted  to  some  special  function,  and  composed  of  an 
association  of  simple  tissues  such  as  the  requirements  of  the 
special  part  demand. 

The  general  arrangements  of  these  organs  and  their  modes  of 
action  will  be  discussed  in  future  chapters. 
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CHAPTER  III. 

CHEMICAL  BASIS  OF  THE  BODY. 

It  seems  natural  to  commence  the  description  of  the  molecular 
changes  that  take  place  in  the  various  tissues  and  organs  of  the 
body  with  a  brief  account  of  the  chemical  composition  of  the 
most  characteristic  substances  found  in  animal  textures,  because 
none  of  the  processes  of  cell  life,  or  tissue  activity,  can  be  satis- 
factorily studied  without  familiarity  with  the  more  common  terms 
occurring  in  physiological  chemistry. 

The  chapter  on  this  subject  here  introduced,  is  intended  rather 
to  give  the  medical  student  a  general  view  of  the  chemical  com- 
position and  characters  of  the  substances  most  frequently  met 
with  in  the  chemical  changes  specially  connected  with  animal 
life,  than  to  supply  a  complete  or  systematip  account  of  the 
relationships  of  the  chemical  bases  of  the  body,  for  which  refer- 
ence must  be  made  to  more  advanced  text-books,  or  treatises  on 
the  special  subject  of  physiological  chemistry.  This  review  must, 
for  the  sake  of  brevity,  be  inadequate  in  the  case  of  many  sub- 
stances, but  these  will  be  again  referred  to  when  speaking  of  the 
function  with  which  they  are  associated. 

It  has  already  been  stated  that  of  the  seventy  elements  known 
to  chemists,  a  comparatively  small  number  form  the  great  bulk 
of  the  animal  body,  although  traces  of  many  are  constantly 
present.  Thus,  we  see  that  four  elements,  namely  (i)  oxygen, 
(2)  carbon,  (-3)  hydrogen,  (4)  nitrogen,  are  present  in  large  pro- 
portions in  every  tissue,  and  together  make  up  about  97  per  cent, 
of  the  body ;  and  sulphur,  phosphorus,  chlorin,  fiuorin,  silicon, 
potassium,  sodium,  magnesium,  calcium,  iron,  and  in  certain 
animals  copper,  are  indispensable  to  the  economy,  and  are  widely 
distributed,  but  are  found  in  comparatively  minute  quantities. 
Occasionally  traces  of  zinc,  lead,  lithium,  and  other  minerals 
may  be  detected,  but  these  must  be  regarded  rather  as  accidental 
than  indispensable  ingredients. 
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The  attempt  to  investigate  the  composition  of  a  living  tissue 
by  chemical  analysis,  must  cause  its  death,  and  thus  alter  the 
arrangements  of  its  constituents,  so  that  its  true  molecular  con- 
stitution during  life  cannot  be  determined. 

We  know  that  the  composition  of  all  living  textures  is 
extremely  complicated,  having  a  great  number  of  components, 
most  of  which  contain  many  chemical  elements  associated 
together  in  very  complex  proportions. 

But  as  has  already  been  pointed  out,  the  complexity  of  their 
chemical  constitution  is  not  so  wonderful  as  the  fact,  which 
indeed  sounds  paradoxical,  that  in  order  to  preserve  their  elabo- 
rate composition,  they  must  constantly  undergo  change  or 
renewal,  which  is  necessary  for,  and  forms  the  one  essential 
characteristic  of,  their  life.  In  other  words,  their  complexity  and 
instability  is  such,  that  they  require  constant  reconstruction  to 
make  up  for  the  changes  inseparable  from  their  functional 
activity.  , 

Their  chemical  constituents  are  easily  permanently  dissociated, 
and  the  various  components  are  themselves  readily  decom- 
posed, generally  uniting  with  oxygen  to  form  more  stable 
compounds. 

The  investigation  of  the  chemical  changes  known  as  assimila- 
tion, forms  a  great  part  of  physiological  study,  and  therefore 
will  occupy  many  chapters  of  this  book.  Here  we  can  only  call 
attention  to  the  chief  characteristic  substances  to  be  found  in  the 
animal  body,  as  the  result  of  the  primary  dissociation  or  death 
of  the  textures,  and  briefly  enumerate  the  products  of  their 
further  decomposition  as  obtained  by  the  analysis  of  the  different 
substances. 

The  tissues  of  the  higher  animals  present  a  great  variety  of 
substances,  materially  differing  in  chemical  composition  ;  they 
have  all  been  made  from  protoplasm,  and  contain  a  proportion 
of  some  substance  forming  a  leading  chemical  constituent  of 
protaplasm.  Every  living  tissue  contains  either  protoplasm  or 
a  derivative  of  it,  and  the  special  characters  of  each  tissue 
depend  upon  the  greater  development  of  some  one  of  these 
substances. 
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It  is  of  little  use  to  classify  the  numerous  chemical  constitu- 
ents found  in  the  animal  body  in  such  a  systematic  manner  as  to 
satisfy  the  rules  of  modern  chemistry,  because  their  classifica- 
tion, from  a  strictly  chemical  point  of  view,  does  not  set  forth 
their  physiological  importance  or  express  adequately  the  relation 
they  bear  to  the  vital  phenomena  of  organisms. 

The  following  enumeration  of  the  chief  chemical  ingredients 
found  in  the  tissues  has  regard  to  their  physiological  dignity  as 
well  as  to  their  chemical  construction,  and  will  thus,  it  is  hoped, 
assist  the  student  to  distinguish  the  different  groups,  and  give 
him  a  better  idea  of  their  vital  relationships,  than  a  more 
strictly  systematic  classification. 

I.  Proteids  :  Highly  complex  bodies  made  by  plan  assimi- 
lation, and  required   for   animal  metabolism,  e.  g., 
albumin,  globulin,  etc. 
II.  Albu7ninoids :  Bodies   which  are  the  outcome  of  proto- 
plasmic specialization,  e.  g.,  mucin,  gelatin,  etc. 

III.  Nitrogenous  products  of  metabolism,  e.g.,  leucin,  urea, 

etc. 

IV.  Carbohydrates,  in  which  hydrogen  and  oxygen  are  in  the 

same  proportion    as    in    water,    e.  g.,   starches  and 
sugars. 

V.  Fats,  which  contain  oxygen  in  smaller  proportion  than 

the  last. 
VI.  Salts. 
VII.    Water. 

Group  I. — Proteids. 

It  is  difficult  to  say  how  far  these  bodies  exist  as  such  in  the 
living  organism,  but  they  can  be  obtained  from  nearly  all  the 
fluids  and  solids  of  the  body. 

They  do  not  occur  normally  in  any  secretion  except  those 
connected  with  the  offspring,  viz.,  the  ovum,  semen,  and  milk. 
They  have  a  highly  complex  molecule,  containing  carbon,  oxy- 
gen, nitrogen,  hydrogen  and  sulphur.  No  satisfactory  formula 
has  been  suggested  to  express  their  chemical  composition,  but 
the  average  percentage  of  the  elements  they  contain  is  remark- 
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ably  alike  in  all  members  of  the  group.     This  may  be  said  to  be 
in  round  numbers  as  follows  : — 

Carbon, ...    S3  per  cent. 

Oxygen, ■.   ' .22        " 

Nitrogen, .        .    .- 16        " 

Hydrogen,  .  .  .  ....  7        " 

Sulphur,    .    .  I        " 

With  one  exception  (oxyhemoglobin)  they  are  amorphous, 
i.  e.  do  not  crystallize,  and  with  the  exception  of  peptones  belong 
to  the  class'  colloids,  i.  e.  they  will  not  diifuse  through  animal 
membranes. 

So  far  as  we  know  at  present,  albumins  cannot  be  constructed 
de  novo  in  the  animal  body,  but  must  be  supplied  in  one  form 
or  another  as  part  of  the  food.  Albumins  are  therefore  always 
the  outcome  of  the  activity  of  vegetable  life. 

They  all  rotate  the  plane  of  a  beam  of  polarized  light  to  the 
left,  i.  e.  they  are  levorotatory. 

They  are  insoluble  in  alcohol  or  ether,  and  are  of  variable 
solubility  in  water. 

Many  coagulate  on  boiling,  as  in  the  familiar  instance  of  the 
white  of  eggs. 

They  all  respond,  as  do  also  maay  of  the  next  group,  to  the 
Xanthoproteic  test,  i.  e.,  the  addition  of  strong  nitric, acid  and 
gentle  heat,  which  gives  a  pale  yellow  color  turning  to  deep 
orange  on  the  addition  of  ammonia. 

An  acid  solution  of  proto-nitrate  of  mercury  (Millon's  re- 
agent) gives  a  white  precipitate  which  soon  turns  yellow,  and 
changes  to  rosy-red  on  warming  or  on  standing  for  some  days. 

Classification  of  Proteids. 

The  classification  of  proteids  depends  on  their  solubilities  in — 

1 .  Distilled  water. 

2.  Weak  solutions  of  neutral  salts,  such  as,  sodium  chlprid, 

magnesium  sulphate,  etc. 

3.  Concentrated  solutions'of  neutral  salts.     (Sodium  chlorid, 

magnesium  sulphate,  etc.) 
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Class  I. — Albumins. 

These  have  the  following  properties  : — 

They  are  soluble  in  distilled  water  and  in  weak  solutions  of 
neutral  salts. 

They  are  not  precipitated  by  saturating  their  solutions  with 
magnesium  sulphate  or  sodium  chlorid. 

They  are  precipitated  by  saturation  with  sodio-magnesic  sul- 
'  phate,  or  with  ammonium  sulphate. 

Their  solutions  in  water  or  in  weak  salt  solutions  are  coagu- 
lated by  heat.  The  temperature  of  coagulation  lies  usually 
between  70°  C.  and  80°  C. 

The  chief  members  of  this  class  are  : — 

1.  Serum-albumin    (not    precipitated   from    its    solution    by 

shaking  with  ether). 

2.  Egg-albumin  (precipitated  by  ether). 

3.  Muscle-albumin. 

4.  Lact-albumin. 

Class  2. — Globulins. 

These  are  insoluble  in  distilled  water,  but  are  soluble  in 
weak  solutions  of  neutral  salts. 

They  are  precipitated  by  saturation  with  magnesium  sulphate 
sodium  chlorid,  or  half  saturation  with  ammonium  sulphate. 

Their  solutions  are  coagulated  by  heat,  and  their  tempera- 
tures of  coagulation  vary  considerably. 

The  important  globulins  are : — 

1.  Fibrinogen.  |  ^^^^  ^^^^^ 

2.  Paraglobulm.        J 
,    3.  Myo-globulin. 

4.  Myosinogen. 

5.  Globin.     From  hemoglobin. 

6.  Crystallin.     From  the  crystalline  lens. 


r  From  muscle. 


Class  3. — Albuminates  or  Derived  Albumins.  - 
These  are   formed  by  the   action   of  either  weak    acids  or 
alkalies  on  albumins  and  globulins.     They  have  the  following 
properties : — 
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They  are  insoluble  in  distilled  water,  but  are  dissolved  by 
weak  acids  or  alkalies,  or  in  weak  solutions  of  neutral  salts. 

They  are  precipitated  by  saturation  of  their   solutions  with 
magnesium  sulphate  or  sodium  chlorid. 
They  are  not  coagulated  by  heat. 

(a)  Acid-albumin  or  syntonin.  This  is  precipitated  from  its 
solution  by  neutralizing  the  acid  with  dilute  alkali. 
The  precipitate  is  readily  soluble  in  excess  of  alkali. 
(l>)  Alkali  albumin.  Precipitated  by  neutralizing  with 
dilute  acid — the  precipitate  readily  dissolves  in  excess 
of  acid. 

Class  4. — Proteoses. 

These  are  bodies  formed  as  intermediate  products  in  the 
conversion  of  proteids  into  peptones  and  probably  represent  an 
intermediate  stage  of  hydration.  They  are  formed  during 
gastric  and  pancreatic  digestion  and  also  by  treating  proteids 
with  superheated  steam.  They  are  termed  albumoses,  globu- 
linoses,  myosinoses,  caseoses,  etc.,  according  as  they  have  been 
formed  from  albumin,  globulin,  myosin,  casein,  etc. 

We  will  take  albumoses  as  a  type,  the  others  showing  strictly 
analogous  properties. 

The  distinctive  characters  of  the  albumoses  are  : — 

1.  Their  solutions  are  not  coagulated  by  heat. 

2.  If  a  slight  trace  of  copper  sulphate  be  added  to  a  solu- 

tion of  an  albumose,  and  then  a  solution  of  caustic 
potash,  a  rose-red  color  is  produced.  (When  this  rose- 
red-color  is  formed  this  reaction  is  called  the  Biuret 
reaction.) 

3.  A  solution  is  precipitated  by  adding  a  drop  of  nitric  acid. 

This  precipitate  dissolves  on  warming  and  reappears  on 

cooling  the  solution.     This  is  the  characteristic  test  for 

an  albumose. 

The  albumoses  are  of  two  kinds,  termed  hemi-albumose  and 

anti-albumose, — the  distinction  being  that  the  former  on  being 

subjected  to  pancreatic  digestion  is  first  converted  into   hemi- 

peptone,  and   this  can   be   split    up   still  further  into  simpler 
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bodies,  the  most  important  being  leucin  and  tyrosin,  whereas 
the  latter  (anti-albumose)  under  similar  conditions  is  only 
converted  into  anti-peptone. 

In  the  conversion  of  an  albumin  into  a  peptone  we  can  dis- 
tinguish two  stages  in  the  hydration.  The  results  are  called 
primary  albumose,  and  secondary  or  deutero-albumose. 

Primary  albumoses  are  two — proto-albumose  and  hetero- 
albumose.     These  have  the  following  properties  : — 

{a)  Proto-albumose  is  soluble  in  cold  or  hot  water,  and  in 
weak  saU  solutions,  but  is  precipitated  by  saturation  with  sodium 
chlorid,  magnesium  sulphate,  etc. 

(3)  Hetero-albumose  is  insoluble  in  water  but  soluble  in 
neutral  salt  solution.  It  is  precipitated  from  this  solution 
by  heating,  but  is  not  coagulated,  as  the  precipitate  is  readily 
soluble  in  weak  acids  or  alkalies.  It  is  precipitated  by 
saturation  with  sodium  chlorid,  magnesium  sulphate,  etc. 
Thus  these  two  albumoses  have  much  in  common  with  the 
globulins. 

Deutero-albumose.  .This  is  soluble  in  water,  hot  or  cold,  and 
is  not  precipitated  by  saturation  with  sodium  chlorid  or  mag- 
nesium sulphate,  but  is  precipitated  by  saturation  with  ammo- 
nium sulphate. 

Class  5. — Peptones. 

These  are  the  last  products  of  the  hydration  of  the  proteids. 
They  are  of  two  kinds,  hemi-peptone  and  anti-peptone,  formed  / 
respectively  from  hemi-albumose  and  anti-albumose.     They  have 
the  following  properties  : — 

They  are  soluble  in  hot  or  cold  water.  They  are  not  precipi- 
tated by  saturation  with  sodium  chlorid,  magnesium  sulphate, 
nor  ammonium  sulphate.  They  are  not  coagulated  by  heat. 
They  give  the  biuret  reaction. 

Class  6. — Coagulated  Proteids. 
These  are  insoluble  bodies  produced  by  heating  a  solution  of 
an  albumin  or  gliobulin,  or  by  heating  the  neutralization  precipi- 
tate of  an  albuminate. 
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They  are  insoluble  in  solutions  of  neutral  salts  of  any  strength 
and  only  with  difficulty  in  strong  acids  or  alkalies. 

Class  7. 
This  contains  three  bodies,  which  are  formed  by  the  action  of 
ferments  upon  other  proteids.     They  are : — 

Fibrin. 
Casein. 
Myosin. 

Class  8. — Hemoglobin. 
The  properties  of  these  two  classes  are  described  when  treating 
of  blood,  milk,  and  muscle  respectively. 

Solubility  of  Proteids. 
The  solubilities  of  the  more  important  proteids  may  be  con- 
trasted as  in  the  following  table: — 


Distilled 
Water. 

Weak  Solu- 
tions of 
Neutral 
Salts. 

Saturated  Solution 
of  Magnesium 
Sulphate,  or  of 
Sodium  Chlorid. 

Saturated 

solution  of 

Ammonium 

Sulphate. 

Albumins 

Globulins 

Albuminates  .... 
Proto-Albumoses  .   . 
Hetero-Albumoses  . 
Deutero-Albumoses 
Peptones 

Soluble. 
Insoluble. 
Insoluble. 

Soluble. 
Insoluble. 

Soluble. 

Soluble. 

Soluble. 
Soluble. 
Soluble. 
Soluble. 
Soluble. 
Soluble. 
Soluble. 

Soluble. 
Insoluble. 
Insoluble. 
Insoluble. 
Insoluble. 

Soluble. 

Soluble. 

Insoluble. 
Insoluble 
Insoluble. 
Insoluble. 
Insoluble. . 
Insoluble. 
Soluble. 

Group  II. — Albuminoids. 

These  may  be  said  to  be  the  outcome  of  protoplasmic  activity, 
each  being  specially  adapted  to  meet  the  requirements  of  certain 
tissues. 

They  are  allied  to  each  other  and  to  the  last  group  by — («) 
their  percentage  composition  being  very  similar — (S)  being 
colloids — {c)  containing  N  in  considerable  proportion. 

I.  Mucin  is  the    characteristic   ingredient  of  the  secretions 
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manufactured  by  many  epithelial  cells,  and  is  the  chief  constit- 
uent of  the  ground  substance  of  connective  tissue.  There  are 
probably  several  mucins  varying  in  composition  according  to 
their  several  sources.  They  are  all  soluble  in  dilute  alkalies,  e.g., 
lime  water.  They  give  a  peculiar  thick,  ropy  consistence  to  fluids 
containing  them.  They  are  all  precipitated  by  acetic  acid  and 
are  insoluble  in  excess  of  this  reagent. 

On  boiling  them  with  sulphuric  acid  they  are  split  up  into  a 
proteid  (probably  belonging  to  the  globulins)  and  animal  gum, 
this  latter  yielding  a  reducing  sugar  on  further  treatment  with 
sulphuric  acid.  Leucin  and  tyrosin  are  also  produced  by  this 
treatment. 

2.  Gelatin  is  produced  from  the  white  fibers  of  connective 
tissue  (tendons,  ligaments,  areolar  tissue,  etc.)  by  boiling  with 
water.  Pure  gelatin  is  a  colorless,  brittle  body,  which  swells  up 
but  does  not  dissolve  in  cold  water.  On  heating,  it  dissolves, 
and  on  cooling,  the  solution  sets  to  a  jelly.  This  property  of 
gelatinizing  is  destroyed  by  boiling  the  solution  for  some  hours. 

Gelatin  is  not  precipitated  by  acetic  acid,  and  is  thus  dis- 
tinguished from  mucin. 

It  gives  only  a  faint  xanthoproteic  reaction,  and  is  further 
distinguished  from  proteids  by  yielding  no  precipitate  with  acetic 
acid  and  ferrocyanid  of  potassium,  nor  with  lead  acetate  and 
most  other  salts  of  the  heavy  metals.  It  is,  however,  precipitated 
by  mercuric  chlorid  and  tannic  acid,  the  last  reaction  being  the 
one  that  is  taken  advantage  of  in  the  manufacture  of  leather 
from  skins.  On  boiling  with  sulphuric  acid  it  yields  glycin  and 
leucin  but  no  tyrosin. 

3.  Chondrin  is  the  name  of  the  substance  formed  from  car- 
tilage by  boiling  it  with  water.  It  has  been  shown  to  be  a 
mixture  of  mucin  and  gelatin,  and  gives  the  reactions  of  such  a 
mixture. 

4.  Elasiin  is  the  substance  of  which  yellow  elastic  tissue  is 
composed. 

It  is  a  very  insoluble  material,  being  unaffected  by  hot  or  cold 
water,  acetic  acid,  dilute  alkalies,  dilute  mineral  acids,  alcohol, 
or  ether. 
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It  is  dissolved  slowly,  by  both  pepsin  and  trypsin,  forming 
bodies  of  the  alburaose  class  (elastoses). 

It  is  dissolved,  but  at  the  same  time  decomposed,  by  cold  con- 
centrated sulphuric  acid,  or  by  hot  potash.  The  solution  in 
sulphuric  acid  yields  leucin  but  no  tyrosin. 

5-  Keratin  is  an  exceedingly  insoluble  substance  found  in 
the  cuticle,  hairs,  hoofs,  nails,  etc.,  all  of  which  are  epiblastic  in 
origin.  A  substance  of  similar  properties,  neurokeratin,  is 
found  in  nervous  structures,  which  are  also  epiblastic  in  origin. 

It  is  insoluble  in  water,  weak  acids,  or  dilute  alkalies.  It  .is 
dissolved  by  heating  with  mineral  acids,  and  yields  with  sulphuric 
acid  both  leucin  and  tyrosin.  It  contains  a  considerable  amount 
of  sulphur. 

6.  Nuclein.  This  substance  has  been  described  as  occurring 
in  yolk  of  egg,  spermatozoa,  milk,  pus,  etc. — in  fact,  wherever 
nuclei  are  present.  It  is  a  sticky  substance  which  shows  most  of 
the  physical  properties  of  mucin.  It  is  soluble  in  weak  alkalies 
and  precipitated  by  weak  acids.  It  is  unaffected  by  gastric 
digestion.  It  is  found  to  contain  a  large  percentage  of  phos- 
phorus. Probably  there  are  many  different  varieties  according 
to  the  tissue  they  are  prepared  from. 

7.  Nucleo-albumins.  These  are  substances  allied  to  nucleins 
but  less  readily  soluble  in  weak  alkalies.  They  are  described  as 
occurring  in  the  cells  of  many  organs,  viz.,  thymus,  kidney, 
testes,  brain,  lymphatic  glands,  liver,  etc.  They  have  physical 
properties  much  like  those  of  mucin.  They  are  probably  com- 
pounds of  nuclein  with  proteids — chiefly  globulins — and  contain 
phosphorus.  The  viscid,  ropy  substance  in  bile  formerly  described 
as  mucin  is  a  nucleo-alburain. 

They  are  soluble  in  weak  alkalies  and  precipitated  by  weak 
acids.  They  are  partially  dissolved  by  gastric  digestion,  leaving 
a  residue  of  nuclein. 

Group  III. — Products  of  Tissue  Change. 
In  this  group  are  placed  many  bodies  of  very  varying  chemical 
structure  and  which,  ^on  the   whole,  are  not   very  similar  in 
their  reactions.     They  are  formed  as  the  outcome  of  the  complex 
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chemical  changes  occurring  within  the  cells  of  the  different 
tissues.  Only  small  amounts  of  them  can  be  found  in  the  tissues 
in  which  they  are  formed,  for  they  are  carried  away  by  the  blood 
or  lymph,  and  are  eliminated  as  excreta  or  undergo  further 
change  in  other  organs. 

Glycin,  glycocin,  or  amido-acetic  acid,  C2H5NO2.  This  is 
acetic  acid  in  which  one  of  the  hydrogen  atoms  in  the  CH3 
radicle  is  replaced  by  NHj : 


ch/ 

^  CO.OH. 

Acetic  acid.  Amido-acetic  acid. 


It  is  soluble  in  water,  but  not  in  ether  or  alcohol.  The  solu- 
tion in  water  is  acid.  It  crystallizes  in  rhombohedral  prisms. 
In  chemical  combination  with  cholalic  acid  it  forms  one  of  the 
bile  acids  (glycocholic).  United  with  benzoic  acid  it  forms 
hippuric  acid.  It  is  produced  as  a  product  of  the  decomposition 
of  proteids  and  albuminoids.  It  occurs  free  in  the  intestine, 
due  to  the  decomposition  of  glycocholic  acid.  It  is  converted 
by  the  liver  into  urea,  uric  acid,  or  glycocholic  acid.  If  benzoic 
acid  be  present  with  it,  it  can  be  converted  by  the  kidney  into 
hippuric  acid. 

Sarcofin  or  methyl-glycocin,  CsH^NOu.  This  is  glycocin  in 
which  one  of  the  hydrogen  atoms  of  the  amidogen  radicle  is 
replaced  by  methyl : 

.  NH,  .NH.CH3 

ch/  ch/ 

\co.oh.  ^  co.oh. 

Glycocin.  Sarcosin. 

It  is  not  found  free  in  the  body.  United  with  cyanamid 
(CN.NHj)  it  forms  kreatinin.  It  is  soluble  in  water,  the  solu- 
tion being  neutral. 

Urea,  or  carbamid,  C0(NHj)2.  This  may  be  regarded  as 
carbonic  acid  in  which  the  two  hydroxyl  radicles  are  each 
replaced  by  amidogen  radicles  : 

,  OH  •  /NH2 

co/  CO/ 

^  OH.  ^NHj. 

Carbonic  acid.  Urea. 
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It  is  readily  soluble  in  water  and  in  alcohol  but  not  in  ether. 
Its  solution  is  neutral  to  litmus.  It  crystallizes  in  fine  white 
needles  or  in  long  four-sided  prisms  with  oblique  ends.  Traces 
of  it  are  found  in  every  tissue  and  fluid  within  the  body.  It  is 
eliminated  by  the  kidney,  an  average  of  about  35  grms.  (500 
grains)  being  excreted  per  diem.  It  is  most  important  as  being 
the  substance  by  means  of  which  the  waste  nitrogen  of  the  body 
is  eliminated. 

It  was  the  first  of  the  so-called  organic  compounds  to  be 
made  artificially,  being  obtained  by  Wohler  in  1828,  by  mixing 
watery  solutions  of  potassium  cyanate  and  ammonium  sulphate, 
evaporating  to  dryness  and  extracting  with  alcohol,  or  in  short 
by  heating  ammonium  cyanate,  with  which  urea  is  isomeric : 

NHj.CNO        =        CO.CNH^)^. 
Ammonium  cyanate.  Urea. 

It  can  also  be  prepared  from  carbonyl  chlorid  by  treatment 
with  ammonia  : 

/CI  /NH2 

C0<;         +  4NH3  =  CO(f  +  2NH,.C1. 

^Cl  \nHj 

Carbonyl  chlorid.  Urea. 

There  are  two  methods  by  which  it  is  generally  obtained  from 
urine 

1.  The  urine  is  evaporated  to  ^  of  its  bulk  and  a  large  volume 

of  strong  nitric  acid  is  added.  The  urea  is  precipitated 
as  urea  nitrate.  This  is  separated  and  mixed  with 
barium  carbonate,  warmed  and  then  extracted  with 
alcohol.  The  urea  goes  into  solution  and  may  be  crys- 
tallized out. 

2.  To  the  urine,  after  evaporation,  a  quantity  of  oxalic  acid  is 

added,  when  insoluble  crystals  of  urea  oxalate  appear. 
These  are  filtered  off,  mixed  with  calcium  carbonate  and 
extracted  with  water.  '  The    urea  is  thus  obtained  in  a 
watery  solution. 
When  nitrous  acid  is  added  to  a  solution  of  urea,  brisk  effer- 
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vescence  occurs,  the  urea  being  decomposed  into  COj,  N,  and 
H,0: 

CO(NHj)j  +  2HNO;  =  COj  +  2Nj  +3HjO. 

This  is  used  as  a  test  for  urea. 

Sodium  hypobromite  causes  a  somewhat  similar  change  : 

C0(NH2)j  +  3NaBrO.  =  CO,  +  N^  +  2HjO  +  sNaBr. 

The  sodium  hypobromite,  however,  always  contains  a  large 
excess  of  caustic  soda,  and  this  absorbs  the  acid  gas  CO,,  so  that 
the  effervescence  in  this  case  is  less  than  in  the  former.  The  gas 
collected  in  this  reaction  consisting  of  pure  N,  which  may  be 
collected,  and  the  urea  estimated  from  its  volume.  In  the  other 
reaction  the  gas  is  a  mixture  of  N  and  CO2. 

On  standing  urine  becomes  ammoniacal  in  odor.  This  is 
due  to  the  decomposition  of  the  urea  in  solution,  which  is 
brought  about  by  the  growth  of  an  organized  ferment  called  the 
micrococcus  urese.  The  change  is  one  of  hydrolysis,  ammonium 
carbonate  being  formed.  The  following  formula  represents 
the  reaction  : 

,NHj  .O.NH,. 

co<;         +  2H2O  =  co<; 

^NH^  ^O.NHj. 

When  acid  mercuric  nitrate  is  added  to  a  solution  of  urea,  a 
dense  white  precipitate  is  formed,  having  the  formula 
CO(NH2)2,Hg(N03)2,3HgO.  This  reaction  is  important,  as 
Liebig  based  a  method  for  the  determination  of  the  quantity  of 
urea  pre'sent  in  a  solution  upon  it,  and  this  method  is  one  of 
those  commonly  in  use. 

When  heated  to  just  below  170°  C.  urea  is  decomposed, 
forming  biuret,  ammonia  being  given  off.     Thus  : 


+  heat  =      .  >NH 

,NH,  COC 
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When  a  drop  of  a  weak  solution  of  sulphate  of  copper  is  added 
to  this,  and  then  KOH,  arose-red  color  appears  (Biuret  reaction). 

Leucin,  or  amido-caproic  acid,  CsHisNOj.     This  is  an  amido- 

acid,  being  formed  by  replacing  one  of  the  H  atoms  of  caproic 

acid  by  amidogen : 

NH, 
C5H11.CO.OH  C5H,/ 

^  CO.OH. 

Caproic  acid.  Leucin. 

.It  is  soluble  in  water,  slightly  soluble  in  alcohol,  but  insoluble 
in  ether.  It  forms  needle-shaped  crystals  which  arrange  them- 
selves in  masses  to  form  little  spheres.     It  is  neutral  in  reaction. 

It  is  one  of  the  chief  bodies  found  when  proteids  are  decom- 
posed with  acids,  alkalies,  etc.,  and  during  putrefaction.  It  is 
also  found  as  a  result  of  the  action  of  the  pancreatic  digestion 
of  proteids.  It  is  present  in  freshly  collected  pancreatic  juice, 
independent  of  the  digestion  of  proteids.  It  is  found  in  small 
quantities  in  many  tissues' of  the  body.  In  disease  it  is  sometimes 
found  in  the  urine,  viz.,  in  cases  of  acute  yellow  atrophy  of  the 
liver,  or  in  phosphorus  poisoning.  It  is  always  associated  with 
tyrosin.  Pure  leucin  does  not  give  either  xanthoproteic  or 
Millon's  reaction. 

Tyrosin,  C9H11NO3.  We  can  best  understand  the  chemical 
structure  of  tyrosin  by  gradually  building  it  up  from  its  simpler 
elements. 

We  may  start  with  the  monatomic  radicle  phenyl,  the  formula 
for  which  is, 

replacing  one  of  the  H  atoms  by  hydroxyl  (OH)  we  get  oxy- 
phenyl, 

CeHp.H. 

The  composition  of  propionic  acid  is, 

CjH5.CO.OH. 
Replacing  one  of  the  H  atoms  of  the  CaH^  by  oxy-phenyl, 
oxy-phenyl-propionic  acid  is  formed, 

,CjH^.OH 


C,H./ 


\  CO.OH, 
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and  replacing  another  H  by  amidogen  ( —  NH^)  we  get  amido- 
oxy-phenyl-propionic  acid,  which  may  be  thus  expressed  : 

CeH,.OH 
QH,/  -    NH,. 

\  CO.OH. 

This  is  also  the  formula  for  tyrosin. 

Tyrosin  is  slightly  soluble  in  water,  but  insoluble  in  alcohol 
and  ether.  It  crystallizes  in  long  needles  which  often  arrange 
themselves  so  as  to  form  little  sheaf-like  masses. 

It  is  one  of  the  chief  decomposition  products  of  proteids, 
being  associated  with  leucin.  Wherever  the  one  is  found  in  the 
body,  the  other  is  likewise  to  be  detected. 

Unlike  leucin  it  gives  the  xanthoproteic  and  Millon  reac- 
tions. 

Taurin,  C2H1NSO3,  or  amido-isethionic  acid. 

Starting  with  ethylic  alcohol,  represented  as, 
CH,.OH 


if  we  replace  .one  of  the  H  atoms  of  the  CH3  group  by  the  mon- 
atomic  radicle  -  SO2.OH,  isethionic  acid  is  formed  thus : 

CHj.OH 

CH2..SO2.OH, 

and  replacing  the  hydroxyl  by  amidogen,  we  get  amido-isethionic 
acid  or  taurin,  which  may  be  written  thus : 

CHj.NH,. 

CHj.SO.OH. 

Taurin  is  soluble  in  water  but  insoluble  in  alcohol  or  ether. 
It  crystallizes  from  its  watery  solutions  in  six-sided  prisms  having 
no  color. 

It  occurs  in  the  body  in  combination  with  cholalic  acid, 
forming  one  of  the  bile  acids  (taurocholic),  and  is  found  free  in 
the  intestines  after  the  decomposition  of  that  acid.  A  small 
amount  leaves  the  body  in  the  feces.  The  rest  is  absorbed 
and  eliminated,  either  in  the  urine,  or  after  re-combination  with 
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cholalic  acid,  in  the  liver,  appears  as  taurocholate  again  in  the 
bile. 

Cholalic  acid,  CmH^Os,  is  slightly  soluble  in  water  and  readily 
soluble  in  alcohol  and  ether.  It  crystallizes  in  large  prisms. 
It  exists  in  the  bile  in  combination  with  taurin  or  glycin,  to 
form  the  bile  acids.  It  is  found  free  in  the  intestines,  after 
decomposition  of  these  acids.  A  little  is  passed  in  the  feces, 
but  most  of  it  is  reabsorbed. 

Glycocholic  acid,  C26H43NO6,  occurs  as  sodium  glycocholate 
in  bile,  being  especially  abundant  in  the  bile  of  herbivora.  This 
acid  is  soluble  in  hot  water,  in  alcohol,  and,  slightly,  in  ether. 
Its  solution  tastes  first  sweet  and  then  bitter.  It  crystallizes  in 
slender  needles.  The  sodium  salt  also  crystallizes  in  needles 
which  are  soluble  in  alcohol  and  water  but  not  in  ether,  and 
have  a  similar  taste. 

By  the  action  of  hydrolytic  agents^warm  dilute  alkalies  or 

acids — the  acid  or  its  salt  is  split  up  into  glycin  and  cholalic 

acid.     The  following  equation  shows  the  change  : 

NH, 
C^eH^NOe.  +  H.O  =  C,,H,„05  +  CH  ^ 

^CO.OH. 

Glycocholic  acid.  Cholalic  acid.  Glycin. 

This  decomposition  also  occurs  in  the  intestines. 

It  precipitates  many  albumins  and  proteoses  from  their 
solutions. 

Taurocholic  acid  C26H45NO7S.  is  soluble  in  water  and  alcohol, 
but  not  in  ether,  and  forms  needle-shaped  crystals.  Its  solution 
is  intensely  bitter.     The  same  facts  are  true  of  its  sodium  salt. 

It  is  found  as  a  salt  of  sodium  in  bile,  especially  of  carnivo- 
rous animals.  The  sulphur  it  contains  shows  that  it  is  derived 
from  proteid. 

On  hydration,  which  normally  occurs  in  the  intestine,  it  is 
split  up  into  taurin  and  cholalic  acid : 

C,,H^NO,S  +  H,0  =  C,4H,A  +  C^H^NOsS. 
Taurocholic  acid.  Cholalic  acid.  Taurin^ 

Like  glycocholic  acid,  it  precipitates  some  albumins  and 
proteoses. 
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Hippuric  acid,  C9H9NO3.  It  may  be  said  to  be  benzoic  acid 
in  combination  with  glycin. 

It  is  found  in  the  urine  combined  with  alkalies,  the  quantity 
present  varying  with  the  character  of  the  food.  Thus  ingestion 
of  benzoic  acid  directly  increases  the  amount  of  hippuric  acid 
found.  Other  aromatic  substances  related  to  benzoic  acid,  or 
vegetables  containing  such  substances,  likewise  increase  the 
amount.  Consequently  it  is  found  in  greater  quantity  in  the 
urine  of  herbivora,  where  it  replaces  uric  acid.  In  all  cases 
benzoic  acid,  or  substances  related  to  it,  have  been  united  to 
glycin  to  form  hippuric  acid.  It  has  been  shown  that  this 
synthesis  is  effected  by  the  kidney  cells.  We  may  represent  it 
by  an  equation  thus  : 

CjHj.COOH  +  CH,(f  =  CH,<;     ^CCCeH^  +  H,0. 

^CO.OH  ^CO.OH. 

Benzoic  acid.  Glycin.  Hippuric  acid. 

It  is  found  in  the  alimentary  canal,  probably  as  the  result  of 
fermentive  action.  From  5  to  50  grains  are  eliminated  in 
human  urine  daily,  the  amount  of  course  depending  on  the 
diet. 

It  is  only  slightly  soluble  in  water  (i  in  600),  but  very  readily 
soluble  in  hot  alcohol.  It  crystallizes  in  colorless  four-sided 
prisms.     Its  taste  is  bitter.     It  is  a  monobasic  acid. 

It  reduces  Fehling's  solution. 

Kreatin,   QH9N3OJ.     This   is  formed  artificially  by  heating 


cyanamid  with  sarcosin : 


CH /.   ^CHj  Cf 

^CO.OH.  ^NH^. 

Sarcosin.  Cyanamid. 

CH,^    \CH3 
^CO.OH. 
Kreatin. 

Kreatin  is  soluble  in  water  and  almost  insoluble  in  alcohol  or 
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ether.  It  crystallizes  in  colorless  rhombohedral  crystals.  Its 
solution  is  neutral.    It  acts  as  a  base  forming  salts  with  acids. 

It  is  found  chiefly  in  muscle,  but  also  in  blood,  liquor  amnii 
and  in  the  testes. 

On  being  boiled  with  baryta  water  kreatin  is  split  up  into 
sarcosin  and  urea : 

ph/  Vh     '      +h,o  =  ch/  \ch3      +oc/ 

'^"2\(,Q^gs  \C0.0H  \nHj. 

Kreatin.  Sarcosin.  Urea. 

Although  probable,  it  is  not  yet  proved  that  kreatin  is  an 
intermediate  product  in  the  formation  of  urea.  Some  of  it 
leaves  the  body  in  the  urine  in  the  form  of  kreatinin. 

Kreatinin,  C4H7N3O,  is  kreatin  minus  one  molecule  of  water. 
If  we  write  the  graphic  formula  for  kreatin  as  in  the  following 
equation,  we  can  easily  understand  their  relationship  to  one 
another : 

CHg  Cxlg 

.N      —      C  =  NH  -N  —  C  =  NH 

Ch/  I  =CH/  I  +H,0. 

^CO.OH   HNH  ^CO— NH 

Kreatin.  Kreatinin.  Water 

Kreatinin  is  soluble  in  water  and  in  alcohol,  but  not  in  ether. 
It  is  feebly  alkaline  to  litmus  and  acts  as  a  base.  It  crystallizes 
in  large  colorless  prisms. 

Kreatinin  is  found  chiefly  in  the  urine,  but  has  also  been  stated 
to  occur  in  muscle. 

Kreatin  can  be  converted  into  kreatinin  by  heating  its  solu- 
tion with  HCl. 

When  zinc   chlorid   is  added  to    a   solution   of   kreatinin, 
fine   crystalline   needles   gradually  form,  and  all  the  kreatinin 
becomes    precipitated    as    kreatinin-zinc-chlorid     (CiHiNjO.- 
ZnClj).     This  is  used  both   as  a   test  and   to   determine  the  . 
amount  of  kreatin  present  in  a  solution. 

Uric  acid,  CsH^N^Oj,  is  only  very  sparingly  soluble  in  cold 
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water,  but  more  so  in  hot,  being  insoluble  in  alcohol  or  ether. 
When  pure  it  crystallizes  in  colorless  rhombic  plates,  but  as 
obtained  from  urine  the  crystals  are  tinged  yellow  with  pigment, 
as  it  assumes  very  many  forms  (dumb-bells,  rhombic  prisms, 
plates,  whetstones,  etc.).  It  is  without  taste,  and  its  solutions 
are  only  feebly  acid.  It  is  a  bibasic  acid  and  forms  two  series 
of  salts,  a  neutral  salt  M2.C5H2N4O3,  [when  M  stands  for  a 
monad  base]  and  a  biurate  M.H.C5H2N4O3,  being  formed  when 
the  acid  is  present  in  excess. 

It  is  a  normal  constituent  of  man's  urine,  the  amount  excreted 
per  diem  being  in  round  numbers  i  grm.  It  varies  very  con- 
siderably in  different  individuals,  with  the  diet,  being  increased 
by  animal  food  and  by  a  want  of  healthy  exercise.  The  free 
acid  never  occurs  in  normal  urine,  but  it  is  present  as  a  urate. 
The  solid  urine  of  birds  and  reptiles  consists  of  almost  pure 
urate  of  sodium.  Urate  of  sodium  is  found  in  the  blood, 
especially  of  those  suffering  from  gout,  and  has  also  been 
separated  from  the  kidneys,  muscle,  brain,  lungs,  spleen,  liver, 
etc.  Uric  acid  has  been  prepared  synthetically  by  heating  urea 
with  glycocin  : — 

CH2(NH2)CO.OH.  +  3CO(NH2)2  =  qH.N.Oj  +  3NH,  +  2Ufi. 
Glycocin.  Urea.  Uric  acid. 

It  is  doubtful  whether  uric  acid  is  a  step  toward  the  forma- 
tion of  urea.  When  treated  with  cold  strong  nitric  acid,  urea 
together  with  a  substance  called  alloxan  is  formed  : 

CjH.NA  +  Hfi  +  0=  C.HjNp,  +  COCNHj),, 
Uric  acid.  Alloxan.  Urea. 

and  alloxan  when  boiled  with  a  strong  alkali  yields  mesoxalic 
acid  and  urea : 

QHjNp,  +  2H2O  =  C3H2O5  +  COCNHj). 

Alloxan,  Mesoxalic  acid.        Urea. 

The  murexid  test,  usually  employed  for  detecting  uric  acid, 
consists  in  carefully  evaporating  a  strong  solution  of  the  acid 
with  a  drop  of  strong  HNO3,  taking  care  not  to  heat  the 
capsule  so  much  as  to  cause  charring.     The  residue  obtained  is 
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yellow  and  becomes  purple  on  adding  ammonia,  or  bluish-violet 
with'  KOH. 

Indol,  CsHjN,  is  an  oily  fluid  easily  soluble  in  alcohol  and 
ether.  When  mixed  with  water  it  crystallizes.  It  has  a  fecal 
odor.  It  belongs  to  the  benzene  series  of  carbon  compounds, 
its  formula  being  represented  as  follows : 

NH 

It  is  a  product  of  the  decomposition  of  proteids,  being  pro- 
duced in  the  intestine  by  the  growth  of  putrefactive  bacteria. 
It  leaves  the  body  chiefly  in  the  feces,  causing  their  odor,  but  it 
is  partly  absorbed  and  leaves  through  the  kidneys  in  combination 
with  alkaline  sulphates,  forming  the  substance  indican,  or 
indoxyl-sulphate  of  potassium. 

With  fuming  nitric  acid  it  gives  a  red  precipitate  which  is 
soluble  in  alcohol. 

Skatol,  C9H9N,  is  methyl-indol  and  may  be  represented  thus : 


NH 

It  is,  like  indol,  a  product  of  decomposition  of  proteids.  It 
leaves  the  body  in  a  similar  manner  and  has  a  fecal  odor. 

It  forms  crystalline  plates,  and  its  solution  gives  a  white  pre- 
cipitate with  fuming  nitric  acid. 

Cholin,  C5H15NO2,  is  an  ammonia  base  or  alkaloid  and  has  the 
graphic  formula: 

CH,  —  n5 

1  \0H 

CHj.OH. 

It  is  a  syrupy  liquid  soluble  in  alcohol  and  ether,  not  in  water, 
its  solutions  being  strongly  alkaline.  It  unites  with  HCl,  and 
H2SO4 ;  the  chlorid  is  precipitated  by  PtCl^  to  form  a  definite 
crystalline  compound  2(C5Hi5NOj.HCl).PtCl4  which  is  used  to 
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determine  the  quantity  of  cholin  present  in  a  solution.  Cholin 
is  produced  during  the  decomposition  of  proteids,  either  as  a 
result  of  katabolic  processes,  or  after  death  by  putrefactive 
agencies.  It  occurs  in  combination  with  distearyl-glycero-phos- 
phoric  acid  as  lecithin. 

It  is  nearly  always  associated  with  the  allied  alkaloid  neurin ; 
both  are  very  poisonous. 

It  may  be  obtained  by  heating  lecithin  or  protagon  with 
baryta  water. 

Cholin    when    heated    splits    up    into    trimethylamin    and 

ethylene  glycol : 

^(eH3)3  CHj  —  OH 

CH,-N^  =  I  +N(CH3)3 

I  ^OH  CH,  —  OH 

CHj  —  OH 

Cholin,  Ethylene  glycol.        Trimethylamin. 

Neurin,  C5H13NO,  is  a  syrupy  liquid  of  strong  basic  properties 

which  occurs  in  association  with  cholin  in  the  putrefaction  of 

proteids.     It  is  far  more  poisonous  than  cholin,  from  which  it 

may  be  formed  by  heating  it  with  HI.    It  has  the  following 

graphic  formula : 

^(CH3) 
HC  — N^ 
II  ^OH. 

CH, 

Both  neurin  and  cholin  are  formed  in  the  intestine  from 
lecithin,  but  are  probably  decomposed  by  the  action  of  bacteria 
into  harmless  C02,CH4,  and  NH3. 

Lecithin  C^HgoNPOg,  is  a  complex  nitrogenous  fat  whose  com- 
position can  be  best  understood  by  a  consideration  of  the  fol- 
lowing formula : 

Combining  two  molecules  of  stearic  acid, 

q,H35CO.OH, 
with  one  of  glycerin, 

CHj.OH, 

CH.OH 

I 

CHj.OH, 
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distearin  is  produced : 

CH,.(C„H^CO.O) 

CH.(C„H35CO.O) 

CHj.OH. 

If  now  we  combine  this  with  phosphoric  acid, 

.OH 
HO— P  =  O 

Njh. 

we  obtain  distearyl-glycero-phosphoric  acid, 
CH,.(C„H35CO.O.) 

CH.(C,H,5C0.0) 

I  ^OH 

CH2.O— P  =  O 
\0H. 

If  cholin   be  united  to   this,  lecithin  is  formed,  and  may  be 
represented  as  follows  : — 

CH,.(C„H35CO.O.) 
CH.(C„H35CO.O.) 

CH,.0-P  =  0  ^(CHg), 

\o-c,h,-n(^ 

OH. 

It  forms  a  yellowish-white,  waxy  solid,  soluble  in  ether, 
chloroform,  or  hot  alcohol.  It  is  soluble  in  water,  but  it  can  be 
fairly  easily  rubbed  up  with  water  to  form  an  emulsion.  It  is 
found  in  yolk  of  egg,  in  white  corpuscles,  brain,  milk,  semen, 
and  to  a  slight  extent  in  all  tissues.  When  heated  with  baryta 
water  it  is  easily  decomposed  into  glycero-phosphoric  acid, 
cholin  and  barium  stearate. 

Cholesterin,  CjsHij.OH.  Though  it  does  not  contain  N, 
cholesterin  may  be  conveniently  mentioned  here.  It  is  a 
monatomic  alcohol.     It  is  the  only  alcohol  occurring  free  in  the 


CARBOHYDRATES.  85 

body.  It  is  soluble  in  ether,  hot  alcohol,  chloroform,  or  solu- 
tions of  bile  salts.  From  ether  it  separates  out  as  flat  rhombic 
plates  which  frequently  have  one  corner  unformed. 

It  is  found  in  the  nervous  system,  especially  in  myelin  drops, 
in  blood  corpuscles,  yolk  of  egg,  semen,  milk,  bile,  feces,  and 
the  spleen.  Pathologically  it  is  found  in  tubercular  deposits, 
atheromatous  cysts,  and  forms  the  chief  constituent  of  gall- 
stones, many  of  which  are  pure  cholesterin.  It  is  not  known 
whether  it  has  a  useful  function  to  perform  in  the  body,  or 
whether  it  is  simply  a  waste  substance. 

If  some  be  dissolved  in  chloroform  and  strong  HjSO^  be 
added  the  solution  turns  a  purple  red  color.  If  iodin  be  first 
added  and  then  the  acid,  a  play  of  colors,  blue,  red,  then  green, 
takes  place. 

Group  IV. — Carbohydrates. 

The  carbohydrates  are  defined  as  compounds  of  carbon, 
hydrogen  and  oxygen,  the  last  two  elements  being  in  the  pro- 
portion in  which  they  occur  in  water. 

A  few  only  occur  in  animal  tissues,  most  of  them  being 
formed  by  plants.  The  chief  of  these  will  be  included  in  the 
short  description  of  the  group. 

They  are  classified  according  to  their  formulae  into  three 
groups : 

I.  Glucoses,  which  have  a  general  formula  CeHuOs  include 

Dextrose, 
Levulose, 
Galactose, 
Inosit. 

II.  Saccharoses,  whose  formula  is  CuHjaOu,  of  which. 

Cane  sugar  or  sucrose. 
Malt  sugar  or  maltose. 
Milk  sugar  or  lactose, 
are  the  more  important. 

III.  Amyloses  or  starches  (CsHioOs)^,  where  ..n"  varies  in 

the  different  cases,  and  in  some  represents  probably 
a  very  large  number. 
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The  chief  of  these  are  : 

Starch, 
Dextrin, 
Glycogen, 
Cellulose. 

Glucoses. 
(a)  Dextrose  or  Grape-sugar,  CeHuOe,  exists  in  small  quantities 
in  the  blood  and  tissues  of  the  body,  and  in  the  urine  in  cases 
of  the  disease  called  diabetes.  It  also  exists  in  fruits  and  in 
honey.  It  is  soluble  in  water  and  in  alcohol.  Its  solution  is 
sweet  and  rotates  the  plane  of  polarization  to  the  right. 

Under  the  influence  of  yeast,  dextrose  is  converted  into 
alcohol  and  COj : 

CeH^Oj  =  2C,H50H-  +  aCO^. 

Dextrose.  Alcohol. 

Under  the  influence  of  another  organism  lactic  acid  is  pro- 
duced ;  this  occurs  in  the  intestines : 

-OH 

CeH,,0,  =  2C,H  /  or,  =  aCjHeOj; 

^CO.OH 

Dextrose.  Lactic  acid.  Lactic  acid. 

The  following  are  the  more  important  tests  used  for  the 
detection  of  dextrose. 

1.  Trommer's  Test. — Add  a  few  drops  of  a  dilute  solution  of 
cupric  sulphate,  and  then  potassium  hydrate.  A  precipitate  of 
cupric  hydrate  appears  which  dissolves  in  excess  of  potash, 
forming  a  deep  blue  solution.  When  this  is  heated  an  orange 
red  precipitate  of  cuprous  oxid  appears  before  the  boiling 
point  is  reached. 

2.  Fekling's  Test. — Fehling's  solution  consists  of  cupric  sul- 
phate, sodio-potassic  tartrate,  and  potassium  hydrate,  which 
forms  a  clear,  deep  "blue  solution.  This  when  added  to  a  solu- 
tion of  dextrose,  gives  on  heating  the  same  red  precipitate  of 
cuprous  oxid  as  in  the  former  test. 

3.  Moore's  Test  consists  in  adding  potassium  hydrate  and 
boiling,  when  the  solution  turns  yellowish-brown. 
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4.  Johnson's  Test. — To  the  solution  add  a  solution  of  picric 
acid,  and  then  caustic  potash ;  on  boiling  a  deep  red  color  is 
produced  which  deepens,  becoming  almost  black  if  much 
dextrose  be  present. 

(^)  Levulose,  CoHuOs,  has  been  found  in  blood  and  urine. 
It  is  very  soluble  in  water  and  alcohol  and  does  not  crystallize. 
It  gives  the  same  tests  as  dextrose,  the  difference  being  that 
it  rotates  the  plane  of  polarization  to  the  left. 

((t)  Galactose,  CeHijOe,  is  formed  by  the  hydration  of  lactose. 
It  is  dextro-rotatory,  ferments  with  yeast,  and  reduces  Fehling's 
solution. 

{d)  Inosite,  CaHuOe,  is  found  in  muscle,  urine,  kidney,  lungs, 
spleen,  liver,  and  brain,  as  well  as  in  several  vegetables,  peas, 
lentils,  potatoes,  etc.  It  is  soluble  in  water,  but  not  in  alcohol 
nor  ether.  It  has  a  sweet  taste  and  crystallizes  in  monoclinic 
prisms.  Its  solutions  have  no  action  on  polarized  light.  It 
does  not  undergo  the  alcoholic  fermentation  with  yeast,  but  is 
converted  into  lactic  acid  by  fermentation.  It  does  not  reduce 
Fehling's  solution  and  gives  no  color  on  boiling  with  KOH. 

It  is  precipitated  by  basic  acetate  of  lead  and  ammonia. 

Saccharoses. 
{a)  Sucrose  or  Cane-sugar,  CuHazOn,  is  found  in  abundance 
in  many  plants,  sugar-cane,  beet-root,  etc.  It  is  very  soluble  in 
water,  its  solution  being  sweet  and  dextro-rotatory.  On  boiling 
with  dilute  mineral'  acids,  sulphuric  being  preferable,  it  is  in- 
verted, i.  e.,  the  solution  becomes  levo-rotatory.  The  change 
is  one  of  hydration,  one  molecule  of  sucrose  forming  with 
water  a  molecule  of  dextrose,  and  another  of  levulose  : 

CijHjjO,!  +  HjO  =  CjHjjOj  +  CjHjjOj 

Sucrose.  Dextrose.        Levulose. 

As  a  molecule  of  levulose  has  more  effect  on  the  beam  of 
polarized  light  than  one  of  dextrose,  the  mixture  of  equal 
quantities  of  the  two  sugars  produces  a  solution  which  rotates 
the  plane  of  polarization  to  the  left. 

With  yeast,  cane-sugar  is  first  inverted,  as  above,  and  then 
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alcoholic  fermentation  of  the  glucose  occurs  with  the  produc- 
tion of  ethylic  alcohol  and  COj. 

On  adding  CuSOi  and  KOH  to  a  solution  of  cane-sugar  a 
deep  blue  solution  is  formed  if  excess  of  KOH  be  present,  but 
this  does  not  reduce,  i.  <?.,  there  is  no  red  precipitate  of  cuprous 
oxid  produced  on  heating.  Thus  it  is  distinguished  from  glu- 
cose, etc. 

On  boiling  with  KOH  no  brown  color  appears.  In  this  again 
it  differs  from  glucose. 

(l>)  Maltose,  CuHjjOu.  This  is  the  sugar  produced  from  starch 
during  salivary  or  pancreatic  digestion.  It  is  soluble  in  water, 
producing  a  strongly  dextro-rotatory  solution — from  which 
needle-shaped  crystals  can  be  obtained. 

By  boiling  with  dilute  sulphuric  acid,  it  is  hydrated,  two  mole- 
cules of  dextrose  being  produced  : 

Maltose.  Dextrose.        Dextrose. 

It  reduces  Fehling's  solution,  though  not  so  powerfully  as 
dextrose,  and  undergoes  alcoholic  fermentation  with  yeast. 

ic)  Lactose,  or  Milk-sugar,  CijHjjOn,  occurs  in  milk.  It  is 
soluble  in  water  but  much  less  so  than  cane-sugar  or  dextrose, 
and  its  solution  has  only  a  faintly  sweet  taste.  Its  solution  is 
dextro-rotatory,  and  yields  rhombic  prisms  on  evaporation. 

On  hydration  galactose  is  produced  : 

CijHjjOii  +  HjO  =  CgHijOj  -f  CjHijO,. 
Lactose.  Galactose.        Galactose. 

It  reduces  Fehling's  solution,  but  to  a  much  less  extent  than 
dextrose.  Yeast  first  converts  it  into  galactose  and  then  alcohol 
and  CO2  are  slowly  produced. 

Lactic  fermentation  by  means  of  a  special  organism  occurs 
rapidly,  lactic  acid  being  formed  from  the  galactose : 

CsHiA  =  2C,HA. 

Galactose.  Lactic  acid. 

A  further  change  is  at  times  produced  when  lactic  acid  follows 
putrefactive  fermentation,  butyric  acid  being  formed  : 
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zC^Hfi,  =  CjH,.COOH  +  2C0j  +  2H2. 
Lactic  acid.  Butyric  acid. 

These  two  changes  frequently  occur  in  the  alimentary  canal, 
especially  the  former. 

Amyloses. 

(a)  Starch  (CbHioOs)^  is  very  widely  found  in  plants,  in  which 
it  occurs  in  granules  having  a  characteristic  structure.  It  is 
almost  insoluble  in  cold  water,  but  when  boiled  with  water  the 
granules  burst  and  an  imperfect  solution  is  formed,  which  sets  to 
a  jelly  on  cooling  if  the  solution  be  strong.  It  is  also  insoluble 
in  alcohol  and  ether.     It  is  dextro-rotatory. 

On  boiling  with  dilute  mineral  acids  it  is  rapidly  hydtated, 
dextrose,  erythro-dextrin,  and  achroodextrin  being  produced. 
By  the  action  of  diastase,  saliva,  or  pancreatic  juice,  the  same 
effect  is  produced,  with  the  exception  that  it  is  maltose  and  not 
dextrose  which  is  formed ;  in  the  former  case,  the  maltose  is 
hydrated  by  the  acid  into  dextrose  as  soon  as  it  is  formed.  The 
following  series  of  equations  have  been  suggested  as  indicating 
the  successive  steps  of  the  hydration  : 


(C6H,„0,)n 

Starch. 

+  H,0  = 

(CgHioOs),!  -J 

Dextrin. 

+ 

CjjH^jOji 

IVIaltose. 

(C.H,A)n 

-.  +  H,0  = 

=  (CsHioO^jn- 

Dextrin, 

-4  + 

Maltose. 

(C6H,„0,)n 

-,  +  H,0. 

=  (C6H,„05)„- 

Dextrin. 

-6  + 

Maltose. 

etc.  etc.  etc.  etc. 

(CeHioOj),  +  H,0  =(CeHi„05)2  +  Cj^H^Ai 

Dextrin,  Maltose. 

(CjHioOj),  +  H,0  =  Ci,n,,On 

Maltose, 

The  series  of  bodies  occurring  first  on  the  right-hand  side  of 
these  equations  are  all  dextrins,  but  they  are  all  different.  The 
first  few  of  them  give  a  red  color  with  iodin  and  are  conse- 
quently called  erythro-dextrins ;  the  latter  give  no  color  and  are 
termed  achroodextrins.  The  hydration  of  the  achroodextrins 
into  maltose,  etc.,  is  only  effected  slowly  and  with  difficulty. 


90  MANUAL   OF   PHYSIOLOGY. 

The  tests  for  starch  are  : 

1.  A  solution  of  iodin  when  added  to  starch  gives  a  deep  blue 

color,  which  disappears  on  heating,  but  reappears  or 
cooling  if  the  solution  has  not  been  boiled  so  long  as  tc 
drive  off  all  the  iodin. 

2.  Microscopic    examination    may  show   the    characteristic 

granules  if  they  have  not  been  burst  by  boiling  oi 
broken  mechanically  by  grinding,  etc. 

{b)  Dexirins  (CeHioOs)^,  where  ..„..  is  less  than  in  the  case  oi 
starch.  They  are  amorphous.  They  do  not  reduce  Fehling's 
solution,  nor  ferment  with  yeast;  they  are  strongly  dextro- 
rotatory. There  are  many  of  these  bodies,  which  are  all  soluble 
in  water,  giving  clear  solutions,  but  are  insoluble  in  alcohol  oi 
ether. 

The  dextrins  are  divided  into  two  classes  depending  on  theii 
giving  a  color  with  iodin  or  not.  The  former  are  erythro- 
dextrins,  the  latter  achroodextrins.  The  red  color  produced 
by  the  former  disappears  on  warming,  and  if  the  solution  be 
cooled  it  reappears. 

Dextrin  is  not  precipitated  by  basic  acetate  of  lead,  but  is 
precipitable  by  this  reagent  on  addition  of  ammonia. 

(c)  Glycogen,  or  animal  starch  (CeHioOs)^,  was  first  discovered 
in  the  liver  and  has  since  been  found  in  muscle,  especiall) 
during  embryonic  life,  or  in  most  actively  growing  tissues.  Il 
is  a  white,  tasteless,  amorphous  powder,  readily  soluble  in  water, 
forming  a  markedly  opalescent  solution.  It  is  insoluble  ir 
alcohol  and  ether.     It  is  dextro-rotatory. 

On  hydrolysis  by  dilute  acids,  etc.,  it  is  converted  into  dextrose 
Saliva,  pancreatic  juice,  and  extracts  of  most  tissues  convert  il 
into  maltose,  bodies  analogous  to  dextrins  being  produced  ai 
intermediate  products. 

With  iodin  it  gives  a  red  color,  identical  in  appearance  witl 
that  given  by  dextrin ;  it  also  disappears  on  heating  anc 
reappears  on  cooling.  Glycogen  is,  however,  precipitated  b] 
basic  acetate  of  lead.     It  does  not  reduce  Fehling's  solution. 

(rt)  Cellulose  (CeHioOs)^  is  the  material  which  forms  the  cell 
wall  and  woody-fiber  of  plants.    It  is  insoluble  in  water,  alcohol 
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and  ether.  By  boiling  with  dilute  H2SO4  dextrose  is  produced. 
The  digestive  ferments  have  no  action  on  cellulose.  In  the 
large  intestine,  microorganisms  are  said  to  convert  it  into 
marsh  gas,  acetic  and  butyric  acids,  CO2,  and  HjO,  etc. 

Group  V. — Fats. 

These  bodies  have  the  same  three  elements. in  their  composi- 
tion as  the  last  group,  but  the  hydrogen  and  oxygen  have 
variable  proportions — not  that  of  water.  Fats  are  found  in 
large  masses  in  some  tissues,  and  also  as  fine  particles,  suspended 
in  many  of  the  fluids.  The  fat  of  adipose  tissue  in  man  is  a 
mixture  of  olein,  palmitin,  and  stearin,  which  are  spoken  of 
as  the  neutral  fats. 

The  first  is  liquid  and  the  last  two  solid  at  ordinary  tem- 
peratures, and  the  varying  consistence  of  the  fat  of  different 
animals  depends  upon  the  relative  proportions  of  the  solid  or 
liquid  fats. 

Fats  are  soluble  in  ether  and  chloroform,  but  quite  insoluble 
in  water.  When  agitated  in  water  containing  an  albuminous 
body,  and  an  alkaline  carbonate  in  solution,  fluid  fat  is  broken 
up  into  small  particles,  which  remain  suspended  in  the  liquid, 
forming  an  opaque  milky  emulsion. 

Chemically,  they  are  regarded  as  ethers  derived  from  the 
triatomic  alcohol  glycerin,  C3H5(OH)3,  by  replacing  the  OH 
group  with  the  radicals  of  the  fatty  acids  :  thus  : 

CjH^COH),  +  sCCjsHaA)  =  C3H,(C,,H3A)3  +  3H,0. 
Glycerin.  Palmitic  acid.  Tripalmitin.  Water. 

Under  the  influence  of  certain  ferments  they  are  saponified  to 
form  glycerin  and  the  fatty  acid,  uniting  with  the  necessary 
elements  of  water. 

When  the  neutral  fats  are  boiled  with  alkaline  solutions  they 
are  similarly  decomposed,  and  uniting  with  the  elements  of 
water,  form  glycerin  and  fatty  acids.  The  glycerin  is  thus 
set  free,  but  the  fatty  acid  combines  with  the  alkaline  metal  to 
form  a  soluble  soap.  An  insoluble  soap  may  be  obtained  by 
substituting  lead  or  lime,  etc.,  for  the  alkali. 
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This  splitting  up  of  the  neutral  fats,  stearin,  palmitin,  and 
olein  into  sodium  stearate,  palmitate,  or  oleate  goes  on  during 
digestion,  and  is  said  to  be  useful  in  aiding  the  absorption  of 
fatty  matters. 

Group  VI. — Inorganic  Bodies. 

Water  (HjO)  is  present  in  nearly  all  tissues  in  larger  pro- 
portion than  any  other  compound,  making  up  about  70  per 
cent,  of  the  entire  body-weight.  The  amount  in  each  texture 
varies,  the  different  tissues  having  widely  different  consistence. 

Water  is  introduced  into  the  body  not  only  as  drink,  but  a 
large  quantity  is  also  taken  with  our  solid  food.  It  is  highly 
probable  that  in  the  chemical  changes  which  take  place  in  the 
tissues  some  water  is  formed  by  the  oxidation  of  the  hydrogen 
of  the  more  complex  substances. 

In  the  economy  it  acts  as  the  universal  solvent  in  the  fluids  of 
the  body,  and  as  the  agent  by  means  of  which  the  chemical 
changes  of  the  various  tissues  can  be  accomplished. 

Water  leaves  the  body  by  the  lungs  as  vapor^  and  by  the  skin, 
kidney,  and  many  other  glands,  as  the  fluid  in  which  the  solids 
of  their  secretions  are  dissolved. 

Acids. — Inorganic  acids  occur  in  the  body,  either  combined, 
forming  salts,  in  which  condition  we  find  several  (sulphuric, 
phosphoric,  silicic),  or  uncombined.  In  the  latter  state  we  have 
only  two,  viz.  : — 

Hydrochloric  Acid,  HCl,  which  is  formed  in  the  stomach,  where 
it  occurs  in  the  free  state  and  plays  an  important  part  in  gastric 
digestion. 

Carbonic  Acid  Gas,  COj,  exists  in  most  of  the  fluids  of  the 
body,  having  been  absorbed  by  them  from  the  tissues.  The 
venous  blood  contains  a  considerable  quantity,  some  of  which  is 
got  rid  of  during  the  passage  of  the  blopd  through  the  lungs. 
It  is  a  waste  product,  which  must  be  constantly  eliminated  from 
the  body  (see  Respiration). 

Salts. — A  large  number,  of  salts  occur,  generally  in  small 
quantity,  in  solution  in  the  tissues.  In  the  teeth  and  in  bone-tissue 
salts  exist  in  the  solid  form,  and  in  much  greater  proportion  .than 
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in  any  of  the  soft  parts.  Most  of  the  salts  are  introduced  into 
the  economy  with  the  food,  but  some,'  doubtless,  are  formed  in 
the  body  itself.  Our  knowledge  of  the  exact  position  occupied 
by  the  salts  in  the  textures  is  very  incomplete,  as  their  amount 
is  usually  estimated  from  the  ash  of  the  tissue  which  remains 
after  ignition,  by  which  process  some  become  altered,  so  that 
it  is  impossible  to  say  what  are  the  exact  salts  that  are  present 
in  the  body.  They  form  chemical  combinations  with  the  com- 
plex organic  compounds,  which  we  do  not  understand,  and 
probably  have  important  functions  to  perform,  such  as  rendering 
certain  materials  (globulins)  soluble,  or  otherwise  facilitating 
.tissue  change.  The  salts  pass  out  of  the  body  in  many  secre- 
tions, largely  in  the  urine,  where  they  influence  the  elimination 
of  urea,  and  therefore  form  an  important  constituent  of  that 
secretion. 

Common  Salt  {Sodium  Chlorid),  NaCl,  is  the  most  widely 
distributed,  and  is  present  in  greater  quantity  than  any  other 
salt  in  all  animal  fluids  and  most  tissues,  except  bones,  teeth,  red 
blood  corpuscles,  and  red  muscle. 

Potassium  Chlorid  and  Phosphate  accompany  sodium  chlorid 
in  small  quantity.  In  the  red  blood  corpuscles  and  in  muscle 
they  occur  in  greater  amount  than  the  sodium  salt,  while  in  the 
blood  plasma  but  little  is  found  in  comparison  with  the  sodium 
salts,  and  any  excess  seems  to  act  as  a  poison  to  the  heart. 

Carbonates  and  phosphates  of  calcium,  sodium,  and  magnesium 
occur  in  small  quantities  in  most  tissues.  The  earthy  part  of 
bone  is  chiefly  composed  of  calcium  and  magnesium  phosphate 
and  calcium  carbonate,  together  with  some  calcium  fluorid. 

Sulphates  of  sodium  and  potassium,  probably  formed  in  the 
body  from  the  oxidation  of  the  sulphur  in  the  complex  proteid 
materials,  occur  in  most  tissues,  and  are  removed  from  the  body 
by  the  kidneys. 

Two  of  the  elements  can  be  obtained  in  the  free  state  from  the 
textures.  Of  these  Oxygen  plays  by  far  the  most  important  part. 
It  is  widely  distributed  among  the  fluids  of  the  body,  from  which 
it  can  be  removed  by  reducing  the  pressure  of  oxygen  of  the 
atmosphere  by  means  of  an  air-pump.     Oxygen  is  introduced 
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into  the  body  by  the  lungs,  where  the  blood  takes  it  from  the 
air.  In  the  blood  only  a  small  quantity  of  that  which  can  be 
removed  by  the  air-pump  is  really  free ;  -  the  remainder  is  chem- 
ically combined  with  the  coloring  matter  of  the  blood.  It  is 
absolutely  necessary  for  life,  as  it  alone  can  enable  the  chemical 
changes  of  the  tissues,  which  are  mostly  oxidations,  to  go  on. 
It  is,  in  fact,  the  element  necessary  for  the  slow  combustion 
which  takes  place  in  the  nutrient  material  after  its  assimilation. 
Nitrogen  also  occurs  in  the  blood,  but  in  insignificant  quantity. 
It  is  absorbed  from  the  atmosphere  as  the  blood  passes  through 
the  lungs.  So  far  as  we  know,  it  has  no  physiological  import- 
ance in  the  body. 
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CHAPTER  IV. 


THE  VITAL  CHARACTERS  OF  ORGANISMS 

The  manifestation  of  so-called  vital  phenomena  in  man,  forms 
the  subject-matter  of  the  following  chapters,  and  some  ex- 
planatory definition  of  the  vital  characters  of  the  simpler 
organisms  will  be  useful  in  preparing  the  beginner's  mind  for 
the  more  intricate  questions  in  human  physiology.  This,  with 
the  foregoing  short  account  of  the  chemical  and  structural 
peculiarities  of  animals,  will  complete  a  rough  outline  of  the 
general  character  of  organisms. 

Protoplasm  has  already  been  referred  to,  as  the  material 
capable  of  showing  vital  phenomena,  the  most  obvious  and 
striking  of  which  are  its  movements. 

Besides  the  common  molecular  or  Brownian  movement  of  the 
granules  in  protoplasm — which  may  be  seen  in  most  cases  where 
fine  granules  are  suspended  in  a  less  dense  medium — protoplasm 
can  perform  motions  of  different  kinds  which  must  be  regarded 
as  distinctly  vital  in  character.  This  movement  may  be  said  to 
be  of  three  different  kinds,  according  to  the  results  produced, 
viz.  :  (i)  The  production  of  internal  currents.  (2)  Changes 
in  form.  (3)  Locomotion.  In  reality  the  two  latter  are  de- 
pendent on  the  first. 

The  existence  of  currents  moving  from  one  part  of  the 
protoplasm  to  another  can  be  well  seen  in  vegetable  cells,  when 
the  cell-wall  restricts  the  more  obvious  change  in  form,  or 
place.  Thus  in  the  cells  forming  the  hairs  on  the  stamens  of 
Tradescantia  virginica  the  various  currents  can  be  seen  in  the 
layer  of  protoplasm  which  lines  the  cell-wall. 

The  granular  particles  course  along  in  varying  but  definite 
directions,  passing  one  another  like  foot-passengers  in  a  crowded 
street.  The  first  and  most  obvious  result  of  this  is,  that  the 
different  parts  of  the  substance  are  frequently  brought  into 
contact  with  one  another,  and  thus  the  products  of  any  chemi- 
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Fig.  34. 


cal  changes   taking  place  at  a  given  part  of  the  cell-body  are 
rapidly  distributed  over  the  entire  mass  of  the  protoplasm. 

The  change  in  form,  occurs  if  there  be  no  definite  cell- wall — 
as  in  naked  vegetable  spores  and  ameboid  forms  of  animal 
life — to  restrict  or  direct  the  current  of  protoplasm ;  it  flows 
out  in  various  directions  in  bud-like  processes,  which  appear  at 
various  parts  of  the  protoplasmic  mass,  so  as  to  cause  a  constant 
change  in  the  form  of  the  cell.  These  outstretched  processes 
sometimes  flow  together  and  become  fused,  often  inclosing 
some  of  the  medium  in  which  the  creature  is  suspended,  or 
catching  some  foreign  particle  floating  near  them. 
The  flowing  out  of  these  pseudopodia  usually  takes  place  for 

some  time  persistently  from  one 
side  of  the  cell ;  and  the  body  of 
the  cell  has  to  follow,  as  it  were, 
the  protrusion  of  the  processes  in 
such  a  manner  that  in  a  short  time 
definite  change  in  position  or  move- 
ment in  a  certain  direction  occurs  : 
thus  the  protoplasmic  unit  may  be 
said  to  perform  definite  progres- 
sion or  locomotion.  All  these  move- 
%o1nT„«  JS|'Mov^re„°1how'  "'^"ts  may  be   seen   in  the   white 

ing  adear   outer  layer  and  a  more    blood   COrpUSCle    of  a   COld-blooded 

granular  central  portion.    «,  nucleus;  '■ 

i,  ingested  food.   (,Gegenbauer.)        animal,  such  as  a  frog,  and  stiU  more 

easily  in  the  unicellular  ameba. 
Various  influences  may  be  seen  to  affect  the  rate  of  move- 
ments and  probably  influence  at  the  same  time  the  other  ac- 
tivities of  the  protoplasm.  Foremost  among  these  must  be 
named:  (i)  Temperature.  If  a  protoplasmic  unit,  which  is 
observed  to  be  motile,  be  gently  warmed,  the  movements 
become  more  and  more  active  as  the  temperature  is  raised,  up 
to  a  certain  point,  about  3S''-42°  C,  when  a  spasm  occurs, 
resulting  in  the  withdrawal  of  the  pseudopodia  j  soon  after  this 
the  cell  assumes  a  spherical  ^hape.  If  the  heat  be  carefully 
abstracted  before  it  has  attained  too  great  a  height,  the  proto- 
plasm may  recover  and  again  commence  its  movements.     If,  on 
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the  other  hand,  cold  be  applied  to  moving  protoplasm,  the 
motions  become  less  and  less  active,  and  commonly  cease  at  a 
temperature  about  or  a  little  above  o°  C.  (2)  Mechanical 
irritation  also  produces  a  marked  effect  on  the  movements  of 
protoplasm.  This  may  be  well  seen  in  the  behavior  of  a  living 
white  cell  of  frog's  blood  under  the  microscope.  It  is  spherical 
when  first  mounted,  owing  to  the  rough  treatment  it  goes 
through  while  being  placed  on  the  glass  slide  and  covered  ; 
shortly  its  movements  become  obvious  by  its  change  in  form, 
which  may  again  be  checked  by  a  sudden  motion  of  the  cover- 
glass.  (3)  Electric  shocks  given  by  means  of  a  rapidly-broken 
induced  current  cause  spasm  of  the  protoplasm,  the  cell  be- 
coming spherical.  (4)  Chemical  stimuli  also  have  a  marked 
effect ;  carbonic  acid  causing  the  movements  to  cease,  and  a 
supply  of  oxygen  making  it  active.  The  movements  and  other 
activities  of  protoplasm  are,  during  life,  frequently  modified 
and  controlled  by  nerve  influence,  as  will  appear  in  the  following 
pages.  This  may  readily  be  seen  in  the  stellate  pigment  cells  of 
the  frog's  skin,  which  can  be  made  to  contract  into  spheres  by 
the  stimulation  of  the  nerves  leading  to  the  part. 

The  motions  of  protoplasm  are  thus  seen  to  be  affected  by 
external  influences,  but  the  most  careful  observer  cannot  find 
physical  explanations  of  the  various  movements  which  have 
been  described.  It  is  necessary,  therefore,  to  ascribe  this  power 
of  motion  to  some  property  inherent  in  the  protoplasm,  and 
hence  the  movements  are  called  automatic.  We  are  unable  to 
follow  the  chemical  processes  upon  which  the  activities  of  the 
protoplasm  depend,  and  we  therefore  call  them  vital  actions ; 
but  we  must  assume  that  these  so-called  vital  properties  depend 
on  certain  decompositions  in  the  chemical  constitution  of  the 
protoplasm.  We  know  that  some  chemical  changes  take  place, 
as  we  can  find  and  estimate  products  which  indicate  a  kind  of 
combustion ;  but  we  know  little  or  nothing  of  the  details  of  the 
chemical  process. 

From    the  foregoing  description   of  the-  manner   in   which 
protoplasm  responds   to  external  stimuli,  it  may  be  gathered 
that  it  is  capable   of  appreciating   impressions  from  without ; 
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indeed,  it  can  be  said  to  feel.  We  can  only  judge  of  the 
sensitiveness  of  any  creature  by  the  manner  in  which  it 
responds  to  stimuli,  and  we  may  therefore  conclude  that  the 
smallest  particle  of  living  protoplasm  is  endowed  with  definite 
sensitiveness :  this  must  be  noted  as  one  of  the  most  striking 
properties  of  protoplasm. 

Every  particle  of  living  protoplasm  has  the  power  of  assimila- 
tion. Taking  into  its  structure  any  nutrient  matters  it  meets 
with,  by  flowing  around  them  in  the  way  mentioned,  it  brings 
them  into  direct  contact  with  different  parts  of  its  protoplasmic 
substance.  This  nutrition  of  the  cells  gives  rise  to  their  growth, 
and  finally  leads  to  their  reproduction.  These  facts  will  be 
more  closely  examined  when  speaking  of  their  relation  to  cell 
life  (p.  in). 

When  a  certain  size  has  been  attained,  the  cell  does  not 
further  increase,  but  prepares  to  bring  forth  a  cell  unit  similar 
to  itself.     This  is  spoken  of  as  the  reproduction  of  cells. 

Reproduction. 
Different  kinds   of   cell-reproduction   have  been    observed. 


Fig.  35. 


Fig.  36. 


I    -> 


Cells  of  the  Yeast  Plant  in  Process 
of  Budding.  Between  yeast  cells 
are  some  bacteria. 


Cartilage  from  Young  Animal,  showing  the 
division  of  the  cells,  d,  preceded  by  division 
of  the  nuclei. 


which  are  all,  however,  modifications  of  the  same  general  plan. 
The  first  is  that  by  the  formation  of  a  dud  from  the  side  of  the 
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parent  cell ;  this  bud  increases  in  size,  and  finally  detaches  itself 
from  the  parent  and  becomes  a  separate  individual  (Fig.  35). 
This  process,  which  is 
called  gemmation,  can 
readily  be  seen  in  all 
its  stages  in  growing 
yeast,  where  the  torula 
cells  have  various-sized 

K.,rq»  ««« ;««r*.„.^  4.1 Cellsof  a  Fungus  (G/<Eflca/ja)  showing  different  stages 

buds  growingfrom  them.  {1-4)  of  endogenous  division.    {,After  Sachs:) 

If  the  newly-formed  por- 
tion be  large,  nearly  equal  in  size  to  the  cell  itself,  the  processs 
receives  the  name  of  fission,  or  division. 

The  division  of  the  cell  is  always  preceded  by  the  division  of 
the  nucleus,  and  of  this  two  modes  of  division  are  described. 
The  first,  called  the  direct  division  of  the  nucleus,  is  the  one 
described  by  older  observers,  and  in  it  the  nucleus  becomes  first 
constricted  and  then  divided  into  two  equal  parts  (Fig.  37). 
This  is  followed  by  an  equal  division  of  the  protoplasm,  each  half 
going  to  one  of  the  nuclei,  and  in  this  way  two  daughter-cells 
are  formed. 

The  second  method  is  called  the  indirect  division  of  the 
nucleus,  and  is  preceded  by  a  series  of  changes  in  the  chromatic 
filaments  and  in  the  protoplasm  of  the  cell,  which  result  ulti- 
mately in  the  foundation  of  two  daughter-cells.  To  the  changes 
which  the  nucleus  undergoes  the  name  karyokinesis  is  given,  the 
process  also  being  called  mitotic,  in  contradistinction  to  the 
direct  method,  which  is  termed  amitotic. 

The  following  is  a  very  brief  account  of  the  chief  changes 
noted  in  a  typical  instance  of  indirect  division  as  described  by 
a  recent  observer  (Rabl). 

The  earliest  changes  observed  are  that  the  nucleus  becomes 
larger,  and  the  nuclear  membrane  less  distinct,  finally  becoming 
unrecognizable. 

Then  the  secondary  fibers  which  formed  the  chromatic  net- 
work become  absorbed  into  the  substance  of  the  primary  fibers, 
which  thereby  appear  broader  and  more  distinct.  These  primary 
filaments  become  shorter  and  consequently  still  broader,  and  it 
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becomA^lHf  tOjOg^ve  that  they  form  loops  whose  apices  are 
turned  towStraJEhe^lar  region  and  free  ends  toward  the  anti- 
polar  region  (Fig.  39). 

About  this  time  another  structure  appears,  which  is  called  the 
achromatic  spindle  and  is  made  up  of  a  great  number  of  fine 


Fig.  38 


III. 


rutclea 


nvcia  ofnetwerif 


Diagram  of  the  Chromatic  Filaments  in  a  Nucleus, 

I.  Viewed  from  the  pole.  II.  Viewed  from  the  anti-polar  end, 

III.  Viewed  from  the  side,  the  pole  being  above.    The  left  side  shows  the  earlier  stage. 


fibrils  which  converge  toward  two  points  or  poles.  The  little 
body  situated  at  these  poles  being  called  the  pole-corpuscle. 
This  arrangement  of  fibrils,  as  its  name  implies,  does  not  stain 
with  nuclear  reagents.  The  spindle  first  appears  in  "the  polar 
region,  but  gradually  moves  so  as  to  lie  straight  across  the  nucleus, 
and  as  it  moves  the  chromatic  fibers  or  chromosomes  also  move, 
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so  that  ultimately  they  are  arranged  in  a  radiating  manneraround 
the  equator  of  the  spindle  (Fig.  40). 

If  the  nucleus  be  viewed  at  this  stage  along  the  axis  of  the 


Fig.  39. 


^Icef 


a^ecu- '  ■■    -?^- 


Achromatic  Spindle  in  the  Polar 
Area  of  Dividing  Nucleus. 


A.— Central  Movement  of  Spindle  Accom- 
panied by  Altering  Chromosomes. 


Spindle,  the  appearance  produced  by  the  arrangement  of  the 
chromosomes  is  that  of  a  star,  and  the  stage  is  consequently 
termed  the  Monaster.     By  this  time  it  is  found   that  another 


Fig.  40. 


elmr  area^,. 
of  nucleus 

centretZ 


(CtftcLsUr) 
lonji,6uolina.llif 


,_-f;B^  sit&s6ctrLcs 


J^ol<zf  Tztdia^rz' 


Nucleus  about  to  Divide^  showing  spindle  of  achromatic  fibers,  with  the  chromosomes 
arranged  as  an  aster  at  the  eqiiator  of  the  spindle. 


change  has  gradually  been  effected,  and  this  is  the  longitudinal 

splitting  of  the  chromosomes,  into  two  exactly  similar  portions 

which  remain  at  this  stage  parallel  to  one  another  (Figs.  40,  41). 

The  result  of  this  division  is  that  the  chromatic  fibers  are 
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now  divided  into  two  exactly  similar  halves,  and  the  rest  of  the 
process  consists  in  the  gathering  together  of  the. halves  into  two 
groups,  each  similar  to  one  another,  which  will  form  the  chro- 
matic filaments  of  the  two  daughter-nuclei.     This  stage  of  the 


Fig.  41. 


ctchront.ctiic\ 
Sfjindla      1,1--' 
iiiU/tceniraZl 


The  Aster  Stage  of  Dividing  Nucleus  seen  from  the  Pole.    The  spindle  is  foreshortened. 

.  process  is  termed  metakinesis  (Fig.  42).  The  separation  of  the 
chromosomes  starts  at  the  apices  of  the  loops  and  takes  place 
along  the  lines  of  the  achromatic  spindle,  so  that  the  apices  of 
the  daughter-chromosomes  move  in  either  direction  toward  the 
two  poles  of  the   spindle.      The  apices  thus  converge  to  one 


Fig.  42. 
11. 


III. 


Stages  of  Metakinesis. 
I.  Commencing  separation  of  chromosomes. 
II.  More  advanced  stage  of  separation. 
III.  The  separated  chromosomes  passing  along  the  fibers  of  the  spindle. 


another,  and  as  they  approach  the  pole  the  appearance  they 
present  when  viewed  along  the  axis  of  the  spindle  is  that  of  a 
star,  but  as  there  are  two  sets  of  filaments,  there  are  two  stars, 
and  the  stage  is  hence  called  the  diaster. 
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As  the  daughter-chromosomes  separate,  the   space  between 
them  is  seen  to  be  free  from  the  fibrils  of  the  nuclear  spindle, 


Fig.  43- 


Formaiion  of  Chromatic  Network  in  Daughter  Nuclei.     The  upper  nucleus  shows  the  early 
stage  and  the  beginning  of  the  netwoi'k. 

and  when  they  have  completely  separated  there  are  two  nuclei 
having  an  equal  number  of  chromosomes,  arranged  in  loops 

Fig.  44. 


ft;'^^ 


Division  of  Egg-cell.    {Gegenbiitier.) 


radiating   away  from   the   two    poles    of   the    spindle,    which 
become  the  poles  of  the  two  daughter-nuclei.     The  remaining 
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changes  each  undergoes  are,  that  the  chromosomes  lengthen, 
give  out  little  fibrils  (secondary  fibrils),  and  become  much 
thinner ;  the  secondary  fibrils  unite  with  one  another  to  form 
the  nuclear  network,  the  nuclear  membrane  appears,  all  traces 
of  the  achromatic  spindle  are  lost,  and  we  have  two  perfect 
resting  nuclei  (Fig.  43). 

By  this  time,  too,  the  protoplasm  of  the  cell  has  been  con- 
stricted equatorially,  and  then  is  separated  into  two  parts,  one 
to  each  nucleus,  and  thus  we  have  two  cells. 

Life  History  of  Cells. 

In  tracing  the  stages  of  development  of  the  highly  differen- 
tiated cells  of  some  tissues,  we  have  to  pass  through  a  series  of 
changes  which  form  a  cycle  that  may  well  be  called  the  life-time 
of  the  cell.  The  duration  of  this  cycle  varies  greatly  in  different 
individual  cells.  Some  cells  are  very  short-lived,  being  destroyed 
by  their  act  of  secretion ;  others  possibly  endure  for  the  life- 
time of  the  animal.  The  life-history  of  all  cells  begins  with 
the  stage  when  they  are  composed  entirely  of  undifferentiated 
protoplasm,  in  which  various  modifications  are  subsequently 
produced. 

Let  us  take  as  an  example  a  cell  of  the  outer  skin  or  cuticle, 
and  examine  its  life-history.  The  cuticle  is  made  up  of  numerous 
layers  of  epithelial  cells  laid  one  on  the  other,  and  the  surface 
cells  are  constantly  being  rubbed  or  worn  off.  These  cells 
have  their  origin  from  the  cells  of  the  deepest  layer,  which 
is  next  to  the  supply  of  nutriment.  This  layer  is  made  of  soft 
protoplasmic  units,  which  have,  no  doubt,  certain  specific  in- 
herited characteristics,  but  apparently  the  same  as  the  motile, 
sentient,  growing  protoplasm  of  an  indifferent  cell.  By  a 
process  of  fission  or  budding,  constantly  going  on  in  this 
deepest  layer  of  cells,  new  protoplasmic  units  are  produced. 
These  become  distinct  individuals,  and  occupy  the  position  of 
the  parent  cell,  which  having  produced  offspring,  is  moved  one 
place  nearer  the  surface,  away  from  the  supply  of  food.  The 
new  cell  in  time  gives  rise  to  offspring,  and  having  attained 
reproductive  maturity,  in  turn  is  moved  onward  to  the  surface. 
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vThe  result  of  this  is  that  its  supply  of  nutrition  diminishes,  the 
evidences  of  reproductive  activity  disappear,  and  at  a  certain 
point  all  signs  of  protoplasmic  life  are  lost.  But  on  its  way 
from  the  seat  of  its  origin  to  the  surface,  it  makes  use  of  its 
limited  supply  of  nutrition  for  the  purpose  of  manufacturing  a 
special  kind  of  material  which,  if  present  at  all,  only  occurs  in 
the  minutest  traces  in  ordinary  protoplasm.  As  the  cell  moves 
toward  the  surface,  it  loses  its  protoplasmic  characters,  becomes 
tougher  and  drier,  and  finally  nothing  but  the  special  horny 
material  remains.  Thus  from  the  birth  of  the  cell,  its  energies 
are  devoted,  first  to  its  own  growth,  then  to  the  reproduction 
of  its  like,  and  finally  to  the  formation  of  a  material  fitted 
to  act  as  a  mechanical  protection  to  the  surface  of  the  skin. 
Having  manufactured  a  certain  amount  of  this  material,  the 
protoplasm  dwindles,  and  finally  disappears,  so  that  the  cell 
may  be  said  to  die.  Its  horny,  insoluble,  and  impermeable 
skeleton  has,  however,  yet  to  do  service  in  the  outer  layer  of 
the  skin  while  it  is  passing  toward  the  surface,  to  be  in  its  turn 
rubbed  off. 

It  has  already  been  stated  that  the  material,  protoplasm^ 
which  forms  all  active  cells,  is  capable  of  carrying  on  the 
many  functions  required  for  the  independent  existence  of 
simple  creatures.  It  will  be  found  in  the  subsequent  pages 
that,  not  only  can  protoplasm  perform  all  the  activities  neces- 
sary for  the  life-history  of  unicellular  organisms,  but  that  it  can 
also  work  out  all  the  functions  of  the  most  complex  animals. 
Indeed,  the  cells  which  accomplish  the  most  elaborate  functions 
in  man,  are  but  protoplasm  more  or  less  modified  for  the  special 
purpose  to  be  attained. 

The  different  living  operations  of  many  independent  unicellu- 
lar organisms  can  be  more  completely  watched  than  the  changes 
which  take  place  in  the  cells  of  the  higher  animals,  both  on 
account  of  their  greater  size,  their  freedom,  and  the  more 
obvious  character  of  the  changes  taking  place  in  them.  The 
student  is  therefore  advised  to  spend  some  time  in  contemplating 
the  operations  which  go  on  in  those  simple  organisms,  whose 
life  is  not  complicated  by  structural,  or  functional  elaboration, 
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before  attempting  to  solve  the  difficult  question  of  the  mechanism 
of  the  human  body. 

Unicellular  Organisms. 

Bacteria. 

The  lowest  forms  of  living  creatures  that  we  are  acquainted 
with  {micrococcus  and  bacterium),  are  placed  among  the  fungi  in 
the  vegetable  kingdom.  On  account  of  their  extremely  minute 
size — being  hardly  visible  as  spherical  or  elongated  specks  with 
a  powerful  microscope — we  can  say  but  little  about  their  struc- 
ture.    They  appear  to  be  translucent  and  homogeneous. 

Since  we  use  the  term  protoplasm  to  denote  the  material  of 
which  the  active  part  of  the  simplest  forms  of  living  beings  are 
composed,  we  must  assume  that  bacteria  are  small  particles  of 
that  material,  but  the  characters  attributed  to  protoplasm  cannot 
be  detected  in  the  minute  glistening  mass  which  makes  up  their 
body. 

-  They  are  so  certain  to  appear  in  a  couple  of  days  in  organic 
infusions,  or  in  any  fluid  prone  to  putrefaction,  and  multiply 
with  such  astounding  rapidity,  that  they  had  been  supposed  by 
some  to  develop  spontaneously.  But  this  is  now  known  not  to 
be  a  fact.  Bacteria  can  no  more  than  any  other  form  of  living 
thing  appear  without  progenitors.  They  float  inanimate  and 
dry,  in  multitudes,  through  our  atmosphere,  and  adhere  to  all 
substances  to  which  the  air  has  free  access.  The  moment  they 
light  upon  a  suitable  habitat,  they  burst  into  prodigious  activity, 
at  first  forming  masses  or  colonies,  which  may  be  seen  as  a  jelly- 
like scum  on  the  fluid.  Such  a  habitat  is  supplied  by  any  organic 
substance  capable  of  ready  decomposition,  for  which  process,  as 
is  well  known,  the  great  requirements  for  life,  moisture  and 
warmth,  are  to  a  certain  degree  necessary.  Many  varieties  of 
these  organisms  are  now  known.  They  differ  in  shape,  method 
of  growth,  in  habitat,  and  in  their  properties.  Some  are  obviously 
composed  of  two  distinct  layers,  some  are  provided  with  a  fine 
hair-like  process,  by  the  lash-like  motions  of  which  they  move 
rapidly  in  a  definite  direction. 
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They  are  known  to  be  inseparable  from  putrefactive  -changes 
in  organic  materials ;  without  them  no  putrefaction  can  go  on, 
since  this  process  is  but  the  product  of  their  living  activity. 
Great  heat  kills  them ;  so  great  cold  or  dryness  checks  their 
activity  and  stops  putrefaction.  When  an  organic  substance  is 
absolutely  protected  from  their  presence  by  exclusion  of  the  air, 
etc.,  no  putrefaction  occurs,  even  though  the  substance  be  prone 
to  decomposition,  and  be  placed  under  favorable  circumstances 
as  to  warmth  and  moisture. 

Bacteria  would  not  deserve  so  much  notice  here  were  it  not 
for  the  pathogenic  influence  some  of  them  have  on  the  higher 
forms  of  life.  We  do  not  know  that  they  are  necessary  for  any 
of  the  more  important  processes  that  normally  go  on  in  the 
human  body,  though  they  are  constantly  present  in  the  intestinal 
tract,  and  are  inseparable  from  at  least  one  change  taking  place 
there  that  may  be  regarded  as  physiological.  It  is  their  relation 
to  the  diseased  state  that  makes  a  knowledge  of  these  organisms 
imperative  to  medical  men. 

So  long  as  the  tissue  of  a  higher  animal  is  healthy  and  well 
nourished,  the  commoner  forms  of  pathogenic  bacteria  cannot 
thrive  in  immediate  contact  with  it.  They  can  only  exist  in  the 
intestine,  etc.,  because  there  they  find  accumulations  of  lifeless 
fluids,  which  offer  them  a  suitable  nidus.  Active  living  tissues 
maybe  said  to  have  antiseptic  power,  i.e.  are  able  to  destroy 
septic  bacteria,  and  it  is  only  owing  to  this  bactericide  power  of 
our  textures  that  we  can  with  immunity  breathe  into  our  lungs 
the  atmospheric  air  often  crowded  with  these  organisms,  and 
swallow  multitudes  of  them  with  our  food.  But  for  it  every 
wound  would  become  putrid,  every  breath  might  admit  deadly 
germs  to  our  blood.  !  , 

When  the  vitality  of  the  body  generally  is  lowered,  the  vital 
activity  of  the  tissue  may  fall  below  that  necessary  to  insqre  the 
death  of  the  bacteria,  whose  victory  is  signaled  by  unwonted 
and  often  fatal  changes.  Morbid  fluids  allowed  to  accumulate 
in  the  textures  facilitate  the  growth  of  bacteria,  and  give  rise  to 
various  grades  of  "wound  infection."  But  if  all  fluid  accu- 
mulations be'  avoided,  the  bacteria,  being  in  close  relation  with 
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the  living  tissue,  can  only  irritate  and  cause  local  suffering  to  the 
patient.  They  cannot  propagate  in  living  tissue  as  they  do  in 
lifeless  fluids.  As  a  rule,  the  injurious  effect  of  bacteria  is  in 
inverse  proportion  to  the  vital  power  of  the  textures  which  they 
invade.  This  is  seen  in  many  cases  familiar  to  the  physician 
and  the  surgeon.  There  are,  however,  many  forms  oi pathogenic 
bacteria  which,  if  introduced  into  the  system  by  inoculation, 
are  able  to  overcome  the  vital  activity  of  the  tissues  of  certain 
animals  even  in  the  most  robust  health. 

Torula. 
We  next  come  to  forms  of  fungus  which  set  up  a  process 
very  like  putrefaction,  such  as  the  yeast-plant,  Torula  cerevisia, 
which  causes  alcoholic  fermentation  in  sugar  solutions.  In  the 
torula  an  external  case  containing  protoplasm  may  readily  be 
seen,  and  multiplication  of  the  cells  goes  on  rapidly  by  a  process 
of  budding.  Torulse,  however,  like  bacteria,  though  called 
vegetables,  have  not  the  power  of  assimilation  as  ordinary 
green  plants,  but  require  nutriment  to  be  supplied  to  them 
which  already  contains  organic  or  complex  compounds.  Struc- 
turally but  little  different  from  torula  is  a  one-celled  plant,  the 
green  protococcus,  which,  like  a  higher  plant,  can  build  up  its 
texture  from  the  simplest  food-stuffs  and  carry  on  its  functions. 
It  consists  of  a  case  made  of  cellulose,  within  which  lies  a  mass 
of  protoplasm  with  a  nucleus.  This  protoplasm  is  colored  green 
by  a  peculiar  substance  called  chlorophyll.  We  shall  see 
presently  that  it  is  to  protoplasm  containing  chlorophyll  that 
plants  owe  all  their  most  characteristic  and  wonderful  properties ; 
viz.,  the  property  of  assimilating  simple  inorganic  materials  and 
coiistructing  complex  carbon  compounds. 

Ameba. 

The  smallest  and  simplest  organisms  classed  as  animals  are 

generally  larger  than  the  vegetable  cells  just  alluded  to.     They 

consist  of  protoplasm  without  any  nucleus,  and  only  sometimes 

with  a  structural  difference  between  any  part  of  their  substance. 
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As  an  example  we  may  take  Protameba.  This  is  a  small  mass 
of  protoplasm  without  any  nucleus,  but  its  outer  layer  is  clearer 
and  less  granular  than  the  central  part.  It  can  move  by  sending 
out  protoplasmic  processes,  in  which  currents  can  be  observed 
resembling  those  in  the  vegetable  cells.  Excepting  as  regards 
the  nucleus,  it  is  much  the  same  as  the  Ameba,  which  can  be 
readily  found  and  watched,  and  will  be  more  accurately  de- 
scribed. 

The  ameba  is  a  single  cell  or  mass  of  uncovered  protoplasm, 
containing  a  well-defined  nucleus,  within  which  is  a  nucleolus. 
There  is  also  generally  a  vacuole.  The  central  part  of  the 
protoplasm   is   densely  packed   with   coarse  granules,   but   the 

Fig.  45. 


Two  Different  Forms  of  Amebae  in  Different  Phases  of  Movement.    Those  on  the  left 
after  Cadiat.    A  and  B  show  an  outer  clear  zone.    {Gegenhaiier.') 


outer  more  active  part  is  structureless  and  translucent-looking, 
somewhat  like  a  fine  border  of  muffed  glass,  encasing  the 
coarsely  granular  middle  portion.  Such  an  animal  has  no 
parts  differentiated  for  special  purposes,  the  requirements  of 
its  functions  being  so  limited  that  the  protoplasm  can  fully 
accomplish  them. 

Thus  the  processes  of  protoplasm,  which  flow  out  with  con- 
siderable rapidity  from  the  body,  frequently  encircle  particles 
of  nutrient  material,  and  then,  closing  in  around  them,  press 
them  into  the  midst  of  the  granular  central  mass.  Here  they 
sojourn  some  time,  and  during  this  period  no  doubt  any  nutritive 
properties  they  possess  are  extracted  from  them,  and  they  are 
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then  ejected  from  the  plastic  substance.  This  form  of  assimila- 
tion demands  no  previous  preparation  of  the  food  such  as  we 
shall  see  takes  place  in  the  alimentary  tract  of  man  and  in  the 
special  organs  of  the  higher  animals ;  yet  it  is  a  form  of  digestion 
adequate  at  least  to  the  requirements  of  this  simple  organism. 
The  repeated  alteration  of  relationship  between  the  different 
parts  of  the  protoplasm  and  the  surrounding  medium  during 
the  flowing  hither  and  thither  of  the  currents,  produces  not 
only  a  change  in  the  shape  and  position  of  the  animal,  but  also 
acts  as  a  means  of  distributing  the  nutriment  to  the  different 
parts  of  the  body,  and  of  collecting  and  carrying  to  the  surface 
the  various  products  of  tissue-decomposition  ;  thus  the  streaming 
protoplasm  does  the  work  of  a  circulating  fluid  such  as  we  see  in 
the  more  elaborate  organisms  for  the  distribution  of  nutriment 
and  elimination  of  waste  materials.  The  surface  of  the  ameba 
is  sufficient  to  allow  of  the  gas-interchange  necessary  for  life, 
and  by  means  of  the  ever-changing  material  exposed  sufficient 
oxygen  is  taken  for  its  tissue  combustions,  and  so  a  function  of 
respiration  is  established.  The  growth  that  results  from  the 
perfect  performance  of  these  vegetative  functions  proceeds  until 
the  maximum  size  is  attained,  and  further  nutritive  activity  is 
then  devoted  to  reproduction.  When  growth  ceases,  commonly 
the  cell  divides  and  forms  two  distinct  individuals.  The  move- 
ments which  form  the  most  striking  operations  of  the  ameba  are 
the  same  as  those  which  take  place  in  protoplasm  except  that 
they  are  more  rapid  and  obvious.  The  clear  outer  layer  first 
flows  out  as  a  bud-like  process,  and,  as  it  is  gradually  enlarging, 
some  of  the  central  granular  part  of  the  cell  suddenly  tumbles 
into  its  midst,  where  it  remains,  while  other  pseudopodia  are 
being  thrown  out  in  the  neighborhood  and  the  same  changes 
repeated  in  them.  It  is  difficult  to  watch  the  motions  of  an 
ameba  without  being  impressed  with  the  idea  that  it  is  not 
only  endowed  with  sensibility,  but  that  it  can  also  discriminate 
between  different  objects,  for  we.  see  it  greedily  flowing  around 
some  food  material,  while  it  carefully  avoids  other  substances 
with  which  it  comes  in  contact. 

If  a  glass  vessel,  containing  several  amebae,  be  placed  in  a 
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window,  they  will  be  found  to  cluster  on  the  side  of  the  glass 
most  exposed  to  the  light.  From  this  it  would  appear  that, 
in  some  obscure  way,  protoplasm  can  appreciate  light,  and 
respond  to  its  influence  by  moving  toward  it. 

This  single-celled  animal,  or  nucleated  mass  of  protoplasm, 
can  perform  all  the  functions  of  a  higher  animal.  It  can  move 
from  place  to  place  and  assimilate  nutriment,  apparently  dis- 
criminating between  different  materials.  It  distributes  nutrient 
stuffs  and  oxygen  throughout  its  body  by  a  kind  of  tissue 
circulation,  and  it  can  appreciate  and  respond  to  the  most 
delicate  form  of  stimulus,  namely  light,  which  subtle  motion 
has  no  effect  on  the  sensory  nerve  fibers  of  the  higher  animals. 


Fig.  46. 


Paramecium. 
In  some  unicellular  animals  certain  parts  of  the  cell  are 
specially  modified  for  the  performance  of  special  functions,  a 
division  of  labor  thus  taking  place  which 
insures  the  more  perfect  accomplishment  of 
the  different  kinds  of  activity.  In  one  of  the 
commonest  of  the  Infusoria  {Paramecia  bur- 
saria),  which  swarm  in  dirty  water,  this  is 
well  exemplified.  The  outer  layer  of  the  flat- 
tened body  is  denser,  and  forms  a  kind  of 
fibrillated  corticular  case  (ectosarc),  which  is 
covered  over  with  hair-like  processes  (vibratile 
cilia),  constantly  moving  in  a  certain  direc- 
tion, so  as  to  propel  the  creature  rapidly 
through  the  water.  The  internal  part  of  the 
cell  is  very  soft,  almost  fluid,  and  coarsely 
granular  in  appearance,  containing  many 
bodies  which  have  obviously  been  introduced 
from  without.  This  soft  internal  protoplasm 
(endosarc)  moves  slowly  round  in  a  definite 
direction,  completing  its  circuit  in  one  or  two 
minutes,  and  thus  carries  on  a  circulation 
which  mixes  the  various  matters  contained  in  it.  At  one  point 
of  the  ectosarc,  or  cortical  layer,  an  orifice  or  mouth  leading 


Diagram  of  Para- 
mecium, shewing 
digestive  cavity. 
a  a,  body-space 
tilled  with  soft 
protoplasm,  into 
which  food  is  ta- 
ken ;  b^  mouth  ;  c, 
anus  :  rf,  contrac- 
tile vesic\e.{A/Ur 
Lachmann.) 
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to  an  esophageal  depression  is  found.  This  orifice  is  lined 
by  moving  cilia,  which  by  their  vibrations  drive  the  food  into 
the  esophagus,  whence  it  is  periodically  jerked  into  the  soft 
internal  protoplasm  or  endosarc,  together  with  some  water,  and 
thus  forms  a  food  vacuole,  which  is  carried  round  in  the  circu- 
lation of  the  ectosarc.  Besides  a  well-marked  nucleus  and 
nucleolus  in  the  central  part  of  the  cell,  these  paramecia  have 
one  or  more  clear  spaces  placed  near  the  surface  at  the  extrem- 
ities of  the  animal.  These  vacuoles  suddenly  contract  and  dis- 
appear every  now  and  then.  When  this  contraction  occurs, 
fine  canals  radiating  from  the  contractile  vacuole  are  distended 
with  a  clear  fluid  which  has  probably  entered  the  vacuole  from 
without.  Thus  a  permanent  set  of  water-vessels  carry  fluid 
■  from  the  contractile  vacuole  throughout  the  endosarc. 

In  such  an  animal,  compared  with  the  ameba,  there  is  a 
distinct  advance  of  function,  a  more  elaborate  and  specialized 
method  of  feeding,  a  more  systematic  and  regular  circulation 
of  nutrient  matters,  a  respiratory  distribution  of  water  by  the 
contractile  vesicle  and  its  water-canals,  more  rapid  motion,  and 
more  obvious  sensation. 

Vorticella. 
In  the  bell  animalcule,  or  Vorticella,  the  same  kind  of  division 
of  labor  exists,  but  in  one  of  its  commonest  conditions  it  is 
attached  by  a  thin  stalk  to  the  branch  of  some  weed  or  other 
object.  JBesides  the  ciliary  movement  we  here  find  that  the 
general  mass  of  the  protoplasm  can  suddenly  and  forcibly  con- 
tract, so  as  to  completely  alter  its  shape  and  change  the  bell 
into  a  rounded  mass.  This  spasm  of  the  body  is  commonly 
associated  with  a  wonderfully  rapid  contraction  of  the  stalk. 
This  stalk  consists  of  a  delicate,  transparent  sheath,  in  the  center 
of  which  is  a  thin  thread  of  pale  protoplasm.  The  rapid  con- 
traction of  the  protoplasm  of  the  stalk  and  the  spasm  of  the  bell 
occur  on  the  application  of  the  least  mechanical  excitation,  such 
as  a  touch  to  the  cover-glass.  Here  in  a  single  cell  we  have 
certain  portions  set  apart  for  special  purposes,  most  of  which  are 
the  same  as  in  paramecia.     But  the  animal  being  attached  re- 
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quires  a  special  way  of  escaping  from  its  enemies,  and  hence  we 
find  it  endowed  with  three  special  forms  of  motion.  Besides  the 
ciliary  and  streaming  protoplasmic  motion,  its  body  can  spas- 
modically change  its  shape,  and  the  stalk  contracts  with  a  velocity 
comparable  with  that  of  the  most  specially  modified  contractile 
tissue  (muscle)  of  the  higher  animals,  by  means  of  which  their 
rapid  and  varied  movements  are  carried  out. 
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CHAPTER  V. 

FOOD. 

The  continuation  of  life  depends  on  certain  chemical  changes 
which  are  accompanied  by  a  loss  of  substance  on  the  part  of  the 
active  tissues.  This  loss  must  be  made  good  by  the  assimilation 
of  material  from  without,  and  the  manner  in  which  assimilation 
takes  place  constitutes  an  important  difference  between  Plants 
and  Animals.  In  the  majority  of  the  former  (certain  fungi  form 
the  main  exceptions)  the  cells  in  those  portions  of  the  plant 
which  are  exposed  to  the  light  and  air  contain  a  peculiar  green 
substance  called  chlorophyll,  and  through  the  agency  of  this 
substance  they  are  able  to  use  all  the  oxidized  food  they  obtain 
from  the  inorganic  kingdom.  Water,  with  such  salts  as  may 
happen  to  be  in  solution,  is  taken  up  by  the  roots  and  carried 
through  the  stem  to  the  leaves;  here  the  active  chlorophyll- 
bearing  cells,  by  the  aid  of  the  energy  borne  by  the  sun's  rays, 
can  cause  its  elements  to  unite  with  the  carbon  of  the  carbonic 
anhydrid  present  in  the  air,  and  thus  form  organic  substances, 
of  which  we  may  take  starch  or  cellulose  as  examples.  The 
reaction  may  be  represented  chemically  thus  : — 

6C0,  +  5H,0  =  CjHjA  +  Oi,. 

Starch  or  cellulose. 

A  large  proportion  of  oxygen  is  thus  set  free  and  discharged  into 
the  atmosphere. 

The  most  striking  property  of  plant  protoplasm  is  the  power 
of  using  the  energy  of  the  sun's  rays  to  separate  the  elements  of 
the  very  stable  compounds,  carbon  dioxid  and  water,  and  frorri 
the  elements  thus  obtained,  to  make  a  series  of  more  complex 
and  unstable  compounds,  which  readily  unite  with  more  oxygen, 
and  again  form  carbonic  anhydrid  and  water. 

The  carbon  compounds  made  by  the  protoplasm  of  the  green 
plants  are  some  of  the  so-called  "organic  compounds,"  which 
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enter  into  the  composition  of  both  plants  and  animals,  and  form 
an  essential  part  of  the  food  of  the  latter.  They  may  be  divided 
into  three  groups — 

i.   Carbohydrates — ^bodies  containing  carbon,  hydrogen,  and 

oxygen   in  which   the  hydrogen   and   oxygen   are   in 

proportion  to  form  water,  e.  g.  : — 

a.  Glucoses,  CeHiaOg,  of  which  the  most  important  is  grape- 

sugar,  or  dextrose. 

b.  Saccharoses,  CijHjjOn,  of  which  sucrose,  or  cane-sugar, 

lactose,  and  maltose  are  examples. 

c.  Amyloses  (CeHioOjX,  when  „„.  varies  in   the  different 

substances,  in   some   being  as   high   as   lo   or   even 
higher.     Examples  are  :     Starch,  dextrin,  glycogen, 
ii.  I<'ats — compounds  of  carbon  and  hydrogen  with  a  less 
proportion  of  oxygen  than  carbohydrates,  e.  g.  : — 
Oleine  (principal  constituent  of  olive  oil),  CsjHioiOe. 
iii.  Albuminous  bodies  which  contain  nitrogen  in  addition  to 
carbon,  hydrogen,  and  oxygen.    These  are  of  complex 
composition,  and,  as  a  rule,  cannot  be  represented  by 
chemical  formulae. 
Animals  cannot  thrive  on  the  simple  forms  of  food  obtainable 
from  the  inorganic  kingdom  which  suffice  for  the  nutrition  of 
plants.     They  require  for  assimilation  materials  nearly  allied  in 
chemical  composition  to  their  own  tissues ;    substances  to  be 
used  as  fuel  in  producing  the  activities  of  their  bodies.     In 
short,  they  require  as  food  the  very  organic  substances  which 
plants  make  during  their  assimilation,  viz.,  starches,  fats,  and 
albuminous  bodies.     These  complex  substances,  the  result   of 
the  work  done  in  vegetable  life,  must  be  supplied  ready  made 
to  animals,  either  directly  as  vegetable  food,  or  indirectly  as 
animal  food. 

The  chief  acts  of  animal  protoplasm- are  oxidations,  a  slow 
burning  away  of  its  substance,  which  results  in  the  production 
of  inorganic  materials  like  those  used  by  plants  as  food. 

Plants  use  simple  food-stuffs,  and  from  them  they  manu- 
facture complex  combustible  materials,  and  thus  store  up  the 
energy  of  the  sun's  rays  in  their  textures. 
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Animals,  on  the  other  hand,  use  complex  food-stuffs  to  renew 
their  tissues,  which  are  constantly  being  oxidized,  and  by  this 
means  the  energy  for  the  performance  of  their  active  functions 
is  set  free. 

Although  the  various  kinds  of  food-stuffs  used  by  animals  are 
highly  organized  and  like  the  animal  tissues  in  composition, 
yet  they  cannot  be  admitted  at  once  into  the  economy  without 
having  undergone  a  special  preparation,  which  takes  place  in 
the  digestive  tract,  where  the  various  food-stuffs  are  so  changed 
as  to  allow  them  to  pass  into  the  fluids  of  the  body. 

We  shall  first  consider  the  food-stuffs,  next  their  preparation 
for  absorption  (digestion),  then  their  absorption,  and  finally  the 
means  by  which  they  are  distributed  to  the  tissues  (circulation). 
The  final  steps  in  tracing  the  assimilation  of  the  food  follow 
the  intimate  processes  which  go  on  between  the  blood,  which 
carries  the  nutriment,  and  the  different  tissues  which  receive  it. 

Classification  of  Food  stuffs. 

There  are  two  portals,  namely,  the  lungs  and  the  alimentary 
canal,  by  which  new  materials  normally  enter  the  animal 
body. 

Within  the  lungs  the  blood  comes  into  close  relation  wJth  the 
air,  and  takes  from  it  oxygen.  The  oxygen  is  then  carried  to 
the  various  tissues,  where  it  aids  in  the  combustion  accompany- 
ing the  life  and  functions  of  these  tissues.  Oxygen  is  the  most 
abundan,t  element  in  the  body,  taking  part  in  almost  every 
chemical  change,  and  a  continuous  supply  of  this  element  is 
more  immediately  necessary  for  life  than  that  of  any  other 
substance,  yet  it  is  not  counted  as  food,  because  tissue  oxida- 
tion is  distinguished  from  tissue  nutrition. 

The  details  of  the  union  of  oxygen  with  the  blood  will  be 
found  in  the  chapter  on  Respiration. 

It  is  then  only  to  the  liquid  and  solid  portions  of  the  material 
income  of  an  animal — that,  in  short,  which  it  must  busy  itself 
to  obtain — that  the  term  "food"  is  usually  applied.  These 
are  introduced  into  the  alimentary  canal,  where  the  nutrient 
materials  are  separated  and  prepared  for  absorption,  while  the 


CLASSIFICATION   OF   FOOD-STUFFS.  117 

portions  which  are  not  useful  for  nutrition  are  carried  away  as 
excrement.  We  are,  therefore,  quite  prepared  to  hear  that  the 
really  nutritious  food-stuffs  are  composed  of  materials  which 
are  chemically  like  the  tissues,  although,  as  we  shall  see,  we 
have  no  grounds  for  believing  that  the  different  chemical 
groups  of  nutritive  stuffs  are  exclusively  destined  to  replace 
corresponding  substances  in  the  body.  On  the  contrary,  we 
have  good  reason  to  think  that  within  the  body  the  conversio  n 
of  one  group  into  another  is  common. 

In  Chapter  III  the  tissues  of  the  animal  body  were  shown 
to  consist  of  chemical  compounds,  which  have  been  classified 
into  certain  groups.  It  has  also  been  stated  that  the  tissues 
are  constantly  undergoing  chemical  changes  inseparable  from 
their  life,  and  that  for  these  changes  a  supply  of  nutritive 
material  is  necessary. 

The  nlitriment  required  for  an  animal  is  made  up  of  sub- 
stances which  may  be  divided  into  the  same  chemical  groups  as 
the  tissues  of  the  body:  viz.,  proteids,  fats,  carbohydrates, 
salts,  and  water.  So  that  each  of  the  various  substances  which 
we  make  use  of  as  food  contains  in  varying  proportions  several 
of  the  different  kinds  of  nutrient  material,  either  naturally  or 
artificially  mixed  so  as  to  form  a  complex  mass,  the  important 
item,  water,  being  the  only  one  which  is  commonly  used  by 
itself.  These  substances  may  be  considered  to  be  the  chemical 
bases  of  the  food,  as  they  are  also  the  chemical  bases  of  the 
animal  body. 

The  following  classification  shows  the  relationships  between 
the  chief  constituents  of  food,  from  a  chemical  point  of  view, 
and  their  distribution  in  the  various  substances  we  eat. 
I.  Organic. 

1.  Nitrogenous — 

A.  Albuminous — abundant   in  eggs,    milk,  meat, 

peas,  wheaten  flour,  etc. 

B.  Albuminoid — iti  soups,  jellies,  etc. 

2.  Non-nitrogenous — 

A.   Carbohydrates,  (sugar,    starch) — abundant   in 
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all  kinds  of  vegetable  food  and  in   milk,  and 
present  in  small  quantity  in  meat,  fish,  etc. 
B.  Fats — in   milk,    butter,  cheese,  fat   tissues  of 
meat,  some  vegetables,  oils,  etc. 
II.  Inorganic. 

1.  Salts — mixed  with  all  kinds  of  food. 

2.  Water — mixed  with  the  foregoing  or  alone. 

The  tiutritive  value  of  any  kind  of  food  depends  upon  a 
variety  of  circumstances,  which  may  be  thus  summed  up  : — 

I.  Chemical  composition,  of  which  the  main  points  are — 

(i)  The  proportion  of  soluble  and  digestible  matters 
(true  food-stuffs)  to  those  which  are  insoluble  and 
indigestible,  such  as  cellulose,  keratin,  elastic  tis- 
sue, etc. 

(2)  The  number  of  different  kinds  of  nutrient  stuffs  pre- 
sent in  it. 

(3)  The  relative  proportion  of  each  of  these  chemical 
groups. 

II.  Mechanical  Construction. — The  degree  of  subdivision  in 
which  the  substance  is  introduced  into  the  stomach  materially 
influences  its  nutritive  value,  since  the  smaller  the  particles  the 
greater  the  amount  of  surface  exposed  to  the  action  of  the 
digestive  juices. 

The  relation  of  the  nutrient  to  the  non-nutrient  parts  is  also 
of  importance,  as  is  seen  where  the  nutritious  starch  of  various 
vegetables  is  enclosed  in  insoluble  cases  of  cellulose,  which,  if 
not  burst  by  boiling,  prevent  saliva  from  reaching  the  starch. 

III.  Digestibility. — This  depends  _  partly  upon  how  the  sub- 
stances affect  the  motions  of  the  intestines,  and  partly  upon 
their  construction.  Thus,  some  substances,  such  as  cheese, 
though  chemically  showing  evidence  of  great  nutritive  proper- 
ties, by  their  impermeability  resist  the  digestive  juices,  and  are 
not  very  valuable  as  food. 

IV.  Idiosyncrasy. — In  different  animals  and  in  different 
individuals,  and  even  in  the  same  individuals  under  different 
circumstances,  food  may  have  a  different  nutritive  value. 
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Food  Requirements. 
Chemically  foods  are  composed  of  a  limited  number  of 
elements  similar  to  those  found  in  the  animal  tissues,  viz., 
carbon,  oxygen,  nitrogen,  and  hydrogen,  together  with  some  salts. 
If  nothing  more  were  needed  by  the  economy  than  a  supply  of 
these  elements  and  salts  in  a  proportion  like  that  in  which  they 
exist  in  the  tissues,  such  could  be  easily  obtained  from  inorganic 
sources ;  but,  as  has  already  been  stated,  it  is  necessary  that  an 
animal  obtain  these  elements  associated  in  the  form  of  organic 
materials'  of  complex  construction  (namely,  proteids,  etc.). 
Allowing  the  necessity  of  organic  food,  it  might  be  supposed 
that,  since  the  necessary  elements  exist  in  proper  proportion  in 
the  proteids,  an  abundant  supply  of  proteids  would  suffice  for 
all  nutritive  purposes,  and  alone  form  an  adequate  diet. 
Theoretically,  proteid  alone  might  appear  to  be  sufficient  for 
nutrition.  It,  however,  has  been  frequently  tested  by  experi- 
ment and  practically  decided  that  animals  will  not  thrive 
upon  a  free  supply  of  pure  proteid  food  alone ;  and  in  the 
human  subject  such  exclusive  diet  would  induce  dangerous 
abnormal  conditions  in  a  short  time.  Since  nitrogen  is  an 
important  element  in  nearly  all  parts  of  the  body,  we  could 
hardly  expect  that  a  diet  composed  of  non-nitrogenous  food- 
stuffs alone  could  support  the  animal  economy.  In  short, 
the  results  of  numerous  experiments  show  that  no  one  group 
of  the  food-stuffs  enumerated  can  alone  sustain  the  body, 
but  rather  prove  that  a  certain  proportion  of  each  is  abso- 
lutely necessary  for  life. 

Special  Forms  of  Food. 
The  articles  of  diet  we  make  use  of  are  animal  or  vegetable, 
according  to  the  source  from  which  they  are  derived.  It  will 
be  seen  that  a  varying  quantity  of  all  chemical  classes  of  food- 
stuffs is  present  in  most  kinds  of  food,  whether  animal  or  vege- 
table. The  following  diagram  shows  roughly  the  proportion  of 
the  more  important  food-stuffs  in  some  examples  of  the  materials 
commonly  used  as  food  : — 
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Fig.  47. 
Proteids.  Fats.  Carbohydrates.  Water. 
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Diagram  showing  the  Proportion  of  the  principal  Food-stuffs  in  a  few  typical  Comesti- 
bles.   The  numbers  indicate  percentages.    Salts  and  indigestible  materials  omitted. 

Among  animal  foods  are  included  milk,  the  flesh  of  various 
animals,  and  eggs.  These  may  be  more  fully  described  as 
typical  examples. 

Milk. — For  a  certain  period  of  their  life-time  the  secretion  of 
the  mammary  gland  forms  the  only  food  of  all  mammals,  and  it 
is  the  one  natural  product  which  when  taken  alone  affords 
adequate  nutriment. 

It  consists  of  a  slightly  alkaline  watery  fluid,  containing: — 

1.  Proteids,  caseinogen,  and  albumin  in  solution. 

2.  Fats,  finely  divided  to  form  a  perfect  emulsion. 

3.  Carbohydrate,  sugar  in  solution. 

4.  Salts  in  solution. 

5.  Water. 

Owing  to  the  action  of  certain  organisms  which  readily  pro- 
pagate in  milk,  if  exposed  to  the  air  at  a  warm  temperature  for 
some  time,  it  loses  its  alkaline  reaction,  and  becomes  sour  from 
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the  formation  of  lactic  acid  from  the  milk-sugar  by  a  kind  of 
fermentation,  the  probable  equation  for  which  may  be  written 
thus  : — 

C,,H„0„   +   H,0   =  zCeHiA  =  4CsH,03- 
Milk-sugar.  Galactose.  Lactic  acid. 

If,  freshj  good  milk  be  allowed  to  stand,  the  lighter  fatty 
particles  tend  to  float  to  the  surface,  thus  forming  a  layer  of 
cream. 

The  milk  of  different  animals  is  similar  in  all  essential  points, 
but  differs  slightly  in  the  relative  proportion  of  the  ingredients, 
as  may  be  seen  in  the  following  table : — 


Human. 

Cow. 

Goat. 

Ass. 

Water,      .    .    . 
Casein,     .    .  ) 
Albumin,     .  J 
Butter,     .    .    . 
Milk  Sugar,     . 
Salts,    .... 

Solids,  .... 

889.08 

39-24             { 
26.66 
43-64 
1-38 

110.92 

0    .,^57-05 
48.28 

5-76 
43-05 
40-37 

5-49 

142.95 

863.58 
33-60 
1299 

43-57 

40.04 

6.22 

136.42 

910.24 
1  20.18 
12.56 
1  57.02 

89.76 

1000. 

1000. 

1000. 

1000. 

Milk  varies  both  in  the  amount  of  solids  in  solution  and  fat, 
according  to  the  age  and  general  condition  of  the  animal,  period 
of  lactation,  time  of  day,  etc. 

Since  human  milk  is  much  poorer  in  proteid,  fat,  and  salts 
(see  Table),  and  richer  in  sugar,  than  that  of  the  cow  and  other 
domestic  animals,  it  is  necessary  to  dilute  the  latter  with  water 
and  add  sugar  when  it  is  substituted  for  human  milk  in  feeding 
infants. 

The  great  value  of  milk  as  nutriment  depends  upon  the  fact 
that  it  contains  every  class  of  food-stuff,  viz.,  proteids,  fat,  carbo- 
hydrates, salts,  and  water,  in  the  proportion  demanded  by  the 
economy ;  the  salts  in  milk  being  those  required  for  building 
up  the  bones  of  the  infant,  viz.,  phosphates  and  carbonates  of 
lime,  etc. 
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Fig.  48. 
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The  normal  variations  in  these  proportions  are  not  very  great, 
but  as  adulteration  with   water   is   common,  a   knowledge  of 

the  method  of  testing  the 
purity  of  milk  is  necessary. 
Mi7k  Tesis.—The  spe- 
cific gravity  of  milk  gives 
an  easy  measure  of  the 
solids  in  solution,  but  un- 
fortunately it  gives  no 
accurate  estimate  of  the 
amount  of  fat  suspended 
in  the  emulsion.  TJiere- 
fore,  to  test  milk  ade- 
quately two  methods  must 
be  employed  ;  one  to  esti- 
mate the  degree  of  den- 
sity of  solution,  and   the 

Microscopic  Appearance  of  Milk  in  the  Early  Stage    Qfjigr  the  deffree  of  ODacitV 
of  Lactation,  showing  colostrum  cells,  a.  o  r  J 

of  the  emulsion. 

I.  To  test  the  density,  a  specially  graduated  form  of  hydro- 
meter is  generally  used.  This  is  graduated  so  as  to  indicate 
specific  gravities  from  1014  to  1042,  the  latter  being  the 
maximum  density  of  pure  milk  (the  average  being  about  1030), 
and  the  former  being  about  the  density  of  pure  milk  when  mixed 
with  an  equal  bulk  of  water.  Every  reduction  of  3  in  the 
specific  gravity  may  be  said  to  correspond  to  about  10  per  cent, 
of  water. 

II.  The  degree  of  opacity  is  estimated  by  the  amount  of  water 
required  to  render  a  small  quantity  of  milk  sufficiently  translucent 
to  allow  a  candle  flame  to  be  seen  through  a  layer  of  the  mixture 
one  centimeter  thick.  One  cubic  centimeter  of  the  milk  (which 
has  been  shown  by  the  microscope  and  the  iodin  test  not  to 
contain  chalk  or  starch)  is  placed  in  a  test-glass  with  flat  parallel 
sides,  just  one  centimeter  apart,  and  water  is  cautiously  added 
from  a  graduated  pipette.  The  more  water  required  the  richer 
the  milk  is  in  fat ;  good,  fresh  milk  requires  about  70  times  its 
bulk  of  water  to  become  translucent. 
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Another  method  employed  for  the  same  purpose  consists  in  the 
comparison  of  the  color  produced  by  a  layer  of  milk  i  mm. 
thick  in  a  black  cell  with  a  previously  prepared  standard  of 
grayish  colors. 

The  quantity  of  fat  may  also  be  estimated  by  placing  the  milk 
in  a  tall  graduated  vessel  for  twenty-four  hours,  at  the  end  of 
which  time  it  should  show  at  least  ten  per  cent,  of  cream. 

Butter  is  made  from  milk,  or  better  from  cream,  which  has 
become  slightly  sour,  by  agitation,  the  oil  globules  running 
together  and  floating  on  the  fluid.  It  is  almost  completely  com- 
posed of  fat,  the  larger  globules  having  run  together  to  form  the 
solid  butter,  which  can  be  removed,  leaving  some  small  fat 
globules  with  the  proteids,  milk-sugar,  lactic  acid,  and  salts  in 
the  water,  forming  "buttermilk." 

Cheese  is  another  form  of  food  made  from  milk  by  precipita- 
ting the  prote'id  either  by  lactic  fermentation  or  the  addition  of 
rennet — an  extract  of  calves'  stomach  which,  without  the  pres- 
ence of  any  acid,  curdles  milk — and  draining  off  the  solution  of 
milk-sugar  and  salts  (whey).  It  contains  most  of  the  proteid 
and  a  great  deal  of  the  fat  of  the  milk.  During  the  ripening  of 
the  cheese  more  fat  is  formed,  apparently  from  the  proteid,  while 
leucin  and  tyrosin  also  appear.* 

^Meat. — We  use  the  flesh  of  the  vegetable-feeding  mammals 
and  birds  that  are  most  easily  obtainable,  and  many  kinds  of 
fish.  The  invertebrate  animals,  mostly  shell-fish,  need  hardly 
be  mentioned  in  a  physiological  dietary,  and  are  not  spoken  of 
as  meat. 

As  it  comes  from  the  butcher,  meat  consists  of  many  of  the 
animal  tissues,  the  chief  ones  being  flesh  (muscle  tissue),  fat,  and 
some  sinews  (fibrous  tissue).  The  fleshy  or  lean  part  of  meat 
is  chiefly  made  up  of  nitrogenous  materials,  and  contains: 
(i)  Several  proteids,  chiefly  a  globulin,  myosin,  20  per  cent.j 
(2)  gelatin-yielding  substances  2  per  cent.;  (3)  carbohydrates, 
as  inosit  and  grape-sugar;  (4)  small  quantities  of  fat;  (5) 
extractives;  (6)  several  inorganic  salts,  3.2  per  cent. 

*  For  the  details  of  secretion  of  milk,  etc.,  see  Mammary  Gland. 
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Many  animals  thrive  on  raw  meat,  but  as  it  is  impossible  to 
impart  to  it  the  various  flavors  which  our  artificial  tastes  demand 
without  some  special  preparation,  it  is  generally  cooked  before 
use.  Moreover,  the  not  infrequent  occurrence  in  muscle  of  para- 
sites which  would  prove  injurious  if  swallowed  alive  makes  the 
exposure  of  meat  to  a  temperature  high  enough  to  insure  their 
destruction  advisable. 

Apart  from  pleasing  the  taste,  it  is  of  great  importance  so  to 
prepare  meat  as  to  preserve  in  it  all  the  nutrient  parts,  many  of 
which  are  soluble  in  water,  and  therefore  are  apt  to  be  removed 
if  that  solvent  be  injudiciously  used.  Thus,  the  process  of  roast- 
ing, in  which  all  its  nutrient  parts  are  retained,  ought  to  be 
more  satisfactory  than  boiling,  by  which  the  salts,  extractives, 
carbohydrates,  gelatin,  and  some  albumin  may  be  dissolved 
by  the  water.  However,  if  the  meat  be  plunged  into  water 
which  is  already  boiling,  the  proteids  near  the  surface  are 
rapidly  coagulated,  and  the  water  cannot  reach  the  central 
parts  in  sufficient  quantity  to  remove  the  soluble  ingredients. 
The  whole  of  the  albuminous  parts  may  be  thus  coagulated  as 
the  temperature  of  the  inner  parts  rises  to  boiling  point.  In 
treating  meat  to  obtain  "stock"  (bouillon)  for  the  foundation 
of  soups,  the  opposite  procedure  is. adopted.  The  meat  should 
be  subdivided.  Cold  water  is  used  and  the  temperature  slowly 
and  gradually  raised,  but  not  quite  to  boiling  point,  in  order 
that  as  much  as  possible  of  the  soluble  materials  may  be 
extracted,  and  a  tasteless  friable  muscle  tissue  remains 
("bouilli").  As  the  fluid  is  generally  allowed  to  boil  in 
order  to  clear  it,  much  of  the  proteid  material  which  was  dis- 
solved in  the  earlier  stage  is  coagulated  and  removed  with  the 
scum.  Although  "  stock "  cannot  contain  any  great  propor- 
tion of  the  most  important  constituents  of  meat,  it  is  of  much 
value  as  a  nutriment  in  medical  practice,  possibly  on  account  of 
some  stimulating  action  of  its  ingredients  upon  the  motions  of 
the  intestines  and  heart.  A  strongly  albuminous  extract  of  meat, 
"  beef-tea,"  may  be  made  by  digesting  flesh  in  a  small  quantity 
of  water,  keeping  the  temperature  below  that  at  which  albumin 
coagulates,  and  adding  vinegar  and  salt  to  facilitate  the  forma- 
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tion  of  syntonin  and  the  solution  of  myosin.     The  salt  can  be 
then  removed  by  dialysis. 

-Eggs. — Eggs   consist    of    two   edible  parts,  one,  tlie  white," 
composed  of  albumin,  and  the  other,  the  yolk,  chiefly  made  up 
of  fat. 

The  white  is  concentrated  watery  solution  of  albumin,  held 
together  by  delicate  membranous  meshworks.  Besides  the 
albumin  it  contains  traces  of  fat,  sugar,  extractives,  and  salts. 

The  yellow  fat  emulsion  of  the  yolk  contains  a  peculiar 
proteid,  vitellin,  some  grape-sugar,  and  some  inorganic  salts, 
in  which  combinations  of  phosphoric  acid  and  potassium  are 
conspicuous.  Raw  eggs  are  easy  of  digestion,  as  is  all  albumin 
in  solution.  Hard-boiled  eggs,  if  not  finely  divided  by  mastica- 
tion, are  very  difficult  to  digest,  for  the  gastric  juice  cannot 
penetrate  the  hard  masses  of  coagulated  albumin  which  are  so 
easily  and  commonly  swallowed.  Eggs,  when  lightly  cooked, 
are  more  easily  digested,  as  the  albumin  is  only  partially 
coagulated,  and  cannot  be  introduced  in  large,  solid  masses 
into  the  stomach.  Eggs  are  of  very  great  nutritive  value,  as 
they  contain  so  large  a  percentage  of  proteid,  fat,  and  salts. 

Vegetable  Food. — Vegetables  differ  from  animal  food  : — 

(i)  In  containing  a  much  greater  proportion  of  material 
which  for  man  is  indigestible  (cellulose),  and  a  less  proportion 
of  nutritive  material. 

(2)  The  percentage  of  proteid  is  below  that  of  animal  food, 
and  the  proportion  of  carbohydrates  is  generally  much  greater, 
while  the  amount  of  fat  is  small,  but  varies  considerably.  In 
order,  therefore,  to  get  the  required  amount  of  nutritive 
material  from  a  purely  vegetable  diet,  it  is  necessary  to  con- 
sume a  much  greater  quantity,  and  the  amount  of  excrement 
indicating  the  indigestible  matters  is  proportionately  increased. 

Cereals. — The  most  valuable  forms  of  vegetable  foods  are 
those  obtained  from  the  seeds  of  certain  kindred  plants  {Gra- 
minacecR) — wheat,  rye,  maize,  oats,  rice,  etc.,  which  when 
ground  are  used  either  as  "whole  meal,"  or,  the  integument 
"bran"  being  removed,  as  "flour."  They  contain  different 
kinds  of  proteid.     (i)  A  native  albumin  soluble  in  water  and 


126 


MANUAL   OF   PHYSIOLOGY. 


coagulable  by  heat,  and  in  many  respects  like  animal  albumin 
but  as  it  cannot  be  obtained  pure  it  is  imperfectly  known,  (s 
Vegetable  fibrin,  an  elastic  body,  which  coagulates  spontani 
ously  and  is  difficult  to  separate.  (3)  Vegetable  glue  c 
gliadin,  which  gives  the  peculiar  adhesiveness  to  the  gluten,  2 
the  proteid  mixture  obtainable  from  corn  is  commonly  called 
Cereals  also  contain  traces  of  fat,  and  a.  very  large  proportio: 
of  starch  and  some  salts. 

The  following  table  gives  the  percentages  of  the  chief  diffej 
ent  nutritive  stuffs  in  some  common  cereals  : — 


Wheat. 

Barley. 

Oats. 

Maize. 

Rice. 

Water,    .    .^  .    ,    . 

13 

I3S3 
1.58 

69.61 
2. 

14.48 

12.26 

2.6:j 

67.96 

2.6s 

10.88 

-9-04 

4- 
73-49 
2-59 

12 
7.91 
4-83 

73-19 
1.28 

9.20 
5.06 

■75 
8447 

-5 

Proteid,      .    . 
Fats,  .... 

Carbohydrates, 
Salts,       . 

Green  Vegetables. — These  contain  some  starch,  sugar,  dextrin 
salts,  and  minute  quantities  of  proteid,  and  are  of  small  nutritiv 
value. 

Potatoes  contain  very  little  proteid,  but  a  considerable  quan 
tity  of  starch,  upon  which  their  nutritive  value  almost  entirel; 
depends.  ' 

The  following  table  gives  the  relative  proportions  of  the  variou 
nutritive  materials  contained  in  some  of  the  common  vegetabl 
foods: — 


Peas. 

Beans. 

Potatoes. 

Cauliflower. 

Water 

Proteid,    

Carbohydrates,    . 
Extractive,  .    . 

Fats, 

Salts, 

14.50 

22.35 

S6.6i 
1. 18 
1.96 
2-37 

12.85 
22. 
56.65 
3-32 

1-59 
2-53 

72.74 

1.32 

23-77 

-97 

-IS 

I. OS 

79.18 

-so 
18. 

•7 

The  most  striking  points  are  the  very  large  proportion  0 
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proteid  in  the  leguminous  fruitSj  and  the  comparative  richness 
of  all  vegetables  in  starchy  food-stuffs. 

Water  is  the  great  medium  by  which  the  food  is  dissolved  and 
made  capable  of  ingestion.  Spring-water  always  has  a  certain 
quantity  of  lime  and  other  salts  in  solution,  and  in  proportion 
to  the  amount  of  salts  is  said  to  be  "soft "  or  "  hard."  Water 
is  tasteless,  inodorous,  and  colorless  when  pure,  Soft  water, 
such  as  rain-water,  is  pure,  but  not  so  agreeable  to  taste  as 
spring-water,  and  is  very  liable  to  contamination  in  passing 
through  gutters,  etc.,  previous  to  collection.  Standing  water 
should  be  avoided  for  drinking,  owing  to  the  probability  of  its 
containing  organic  matter. 

Since  water  is  known  to  be  a  common  means  of  communicat- 
ing disease,  care  must  be  taken  as  to  the  source  of  drinking 
water,  and  we  should  be  able  to  form  an  opinion  as  to  impurity 
when  its  source  is  not  known.  It  is,  perhaps,  impossible  to 
detect  in  it  the  specific  impurity 
which  causes  any  disease,  but 
there  are  some  characters  sup- 
posed to  be  commonly  associated 
with  its  pathogenic  properties 
which  can  be  easily  recognized, 
and  should  be  familiar  to  a  stu- 
dent of  Physiology.  The  want 
of  brilliant  limpidity  must  be 
regarded  with  suspicion.  Any 
kind  of  smell,  disagreeable  or 
not,  indicates  impurity.  The 
reduction  (loss  of  color)  of 
permanganate  of  potash,  when 
added  in  small  quantity  to  acidi- 
fied water,  indicates  the  probable 
presence  of  organic  matter.  A  high  percentage 
is  often  associated  with  sewage  contamination. 

Salts. — Great  varieties  of  salts  are  taken  into  the  system,  of 
which  chlorid  of  sodium  forms  the  largest  proportion.  These 
have  no  doubt  very  important  functions  to  perform,  in  enter- 


Section  of  Pea,  showing  starch  and  aleu- 
rone  granules  imbedded  in  the  proto- 
plasm of  the  cells.  {After  Sachs.)  «, 
aleurone  granules  ;  st,  starch  granules ; 
iy  intercellular  spaces. 


of  chlorids 
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ing  into  combination  with  the  various  tissues,  and  also  probably 
in  aiding  the  chemical'  changes  of  parts  of  which  they  do  not 
form  a  normal  constituent.  They  help  to  render  certain  sub- 
stances soluble,  and  stimulate  the  cells  of  certain  glands  to  more 
active  secretion,  e.g.,  the  kidney  excretes  more  urea  when  there 
is  an  abundant  supply  of  common  salt  in  the  food. 

The  selection  of  adequate  dietaries  will  be  discussed  in  the 
chapter  on  Nutrition. 
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CHAPTER  VI. 


DIGESTION. 

The  acts  of  digestion  may  be  divided  into  mechanical  and 
chemical  processes.  Under  the  mechanical  processes  come  the 
arrangements  for  the  subdivision,  onward  movement,  and 
general  mixture  of  the  food.  The  chief  objects  of  the  chemical 
changes  may  be  said  to  be  the  change  from  the  insoluble  to  the 
soluble  form  of  certain  kinds  of  food-stuffs  (starch  and  proteids) 
and  the  finer  subdivision  of  others,  such  as  fats,  which  do  not 
dissolve  in  the  intestinal  secretions  or  in  the  juices  of  the  body. 

Mechanism. 

For  further  details  concerning  the  muscle  tissue  the  student 
must  turn  to  the  chapter  on  that  subject  (Chapter  XXIV). 
Here,  however,  it  may  not  be  out  of  place  to  describe  briefly 
the  special  character  of  the  muscles  found  in  the  wall  of  the 
digestive  tube  and  their  general  arrangement. 

Attention  has  already  been  called  to  the  fact  that  there  are 
different  kinds  of  contracting  textures,  and  that  they  are  capable 
of  different  kinds  of  motion,  some  slow  and  steady,  some 
rhythmical,  some  sharp,  short,  and  sudden.  It  must  also  be 
remembered  that  the  more  energetic  and  sudden  the  motions 
are,  the  more  marked  becomes  the  differentiation  of  the  tissue. 
Thus  the  active,  quick-contracting  skeletal  muscles  and  the 
rhythmically  acting  heart  are  made  up  of  tissue  which  is  very 
distinct  in  structure  and  in  mode  of  action  from  that  of  the 
contracting  cells  composed  of  ordinary  protoplasm,  while  in  the 
slowly  moving  internal  organs  we  meet  tissue  elements  which 
in  different  animals  show  many  stages  of  gradation  between 
simple,  indifferentiated  protoplasm  and  the  special  striated 
muscle  tissue. 

It  is  necessary  that  in  the  first  stages  of  alimentation  the 
motions  should  be  quick  and  energetic ;  so  the  mouth,  pharynx. 
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and  upper  part  of  the   esophagus  are  supplied  with   striated 
muscle  tissue  which  differs  in  function  and  structure  from  that 

Fig.  50. 


Diagram  of  Alimentary  Tract,  etc.  Angles  of  mouth  slit  to  show  the  back  of  the  buccal 
cavity  and  the  top  of  the  pharynx,  c,  cardiac,  p^  plyoric  parts  of  stomach;  rf, 
duodenum ;  z,  jejunum  and  ilium ;  ac^  ascending,  ic,  transverse,  and  dfc,  descending 
colon  ;  r,  rectum  ;  a,  anus. 


of  the  rest  of  the  alimentary  canal.     In  the  stomach  and  intes- 
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tines  slower  and  more  gradual  kinds  of  motion  are  required,  and 
here  we  find  a  good  example  of  non-striated  muscle  tissue. 

Around. the  extremity  of  the  rectum  is  a  band  of  smooth 
muscle,  which  remains  in  a  condition  of  continuous  or  tonic 
contraction. 

Mastication. — In  man,  the  introduction  of  food  into  the 
mouth  is  generally  accomplished  by  artificial  means,  so  that  the 
biting  teeth  (incisors)  and  the  tearing  teeth  (canines)  are  com- 
paratively little  used  for  obtaining  a  suitable  morsel  of  food.     In 


Fig.  51. 


Fig.  52. 


.  *^  »• 


Vertical  Section  of  the  Canine 
Tooth  of  a  Man.  a,  enamel  ; 
b,  dentine  ;  c,  pulp  cavity : 
^,  crusta  petrosa.   t^Cadiai.') 


Structural  Elements  of  the  Bnamel  of  a  Tooth. 
A,  prisms  cut  across,  showing  the  hexagonal  sec- 
tion ;  B,  isolated  prisms.    i^KoUiker.) 


the  mouth  the  essential  act  of  chewing  or  mastication  is  accom- 
plished by  means  of  the  motions  of  the  lower  jaw,  the  tongue, 
and  the  cheeks.  This  process  of  breaking  up  the  solid  parts  of 
the  food  ought  to  be  continued  until  all  hard  substances  are 
ground  into  a  soft  pulp. 

Structure  of  the  Teeth. — The  exposed  part  of  the  teeth  is 
covered  by  a  dense  substance  of  flinty  hardness  called  enamel, 
which  is  developed  from  the  epithelium,  and  consists  of  hexa- 
gonal prisms  set  on  end,  which  are  really  modified  epithelial 
cells  only  containing  about  two  per  cent,  of  animal  matter  (Fig. 
52).     The  bulk  of  the  tooth  is  made  up  of  dentin,  a  substance 
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Fig, 


like  bone  in  composition,  pierced  by  numerous  fine  canals, 
dentin  tubules,  which  radiate  toward  the  surface  from  the  pulp 
cavity  in  the  center  of  the  tooth.  Filaments  of  protoplasm  run 
in  the  dentin  tubules  from  the  tooth  cells,  which  line  the  pulp 
cavity  and  provide  for  the  nutrition  of  the  tooth  (Figs.  53,  54). 
The  pulp  cavity  contains  vessels,  nerves,  etc.,  which  enter  at  the 

root  of  the  tooth,  which  is 
enclosed  in  a  kind  of  modified 
bone  tissue  called  crusta 
petrosa. 

The  two  rows  of  grinding 
teeth,  composed  of  molars 
and  premolars,  of  the  lower 
jaw,  are  made  to  rub  against 
the  corresponding  teeth  in 
the  immovable  upper  jaw 
by  the  combined  vertical 
and  horizontal  movements 
induced  by  the  action  of.  the 
powerful  muscles  of  masti- 
cation, the  temporal  muscles, 
together  with  the  masseters 
and  internal  pterygoids,  all 
tending  by  their  contraction 
to  elevate  the  lower  jaw  and 
bring  the  teeth  forcibly  to- 
gether. This  action  is  op- 
posed by  the  digastric,  the 
genio-  and  mylo-hyoid  mus- 
cles, which  by  their  combined  force  depress  the  jaw  and  separate 
the  teeth.  The  horizontal  movements  are  in  the  main  accom- 
plished by  the  external  pterygoid  muscles,  which,  acting  to- 
gether, pull  the  lower  jaw  forward  so  as  to  make  the  lower  teeth 
protrude  beyond  the  upper.  In  this  action  they  are  opposed  by 
the  digastric  and  hyoid  muscles.  One  external  pterygoid  on 
either  side,  acting  alone,  advances  that  side  of  the  lower  jaw  only, 
and  thereby  causes  the  lower  teeth  to  incline  toward  the  opposite 


Section  Through  a  Portion  of  the  Fang  ot  a 
Tooth,  a,  dentin  tubules  near  the  surface 
of  the  fang;  b,  granular  layer;  c,  crusta 
petrosa. 
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ide  in  a  lateral  direction.  The  two  muscles,  acting  alternately, 
ause  a  horizontal  motion  from  side  to  side.  Thus,  while  the 
3wer  teeth  are  pressed  firmly  against  the  upper  ones  they  are  at 


Fig.  54. 


ection  Through  a  Portion  of  Dentin  next  the  Pulp  Cavity  of  a  Growing  Tooth,  a,  an 
isolated  odontoblast ;  b,  growing  part ;  c,  odontoblasts ;  d,  filaments  of  protoplasm  pro- 
jecting from  the  tubules  of  hard  dentin.     X  700.     {Beale.) 


Fig. S5- 


'he  Pterygoid  Muscles  seen  from  Without  after  Removal  of  the  Superficial  Parts,  the 
Temporal  Muscle,  the  Zygomatic  Arch,  and  a  Portion  of  the  Lower  Jaw  and  Masseter. 
I,  external,  2,  internal  pterygoid  muscle. 


he  same  time  made  to  glide  over  them,  either  from  side  to  side 
\v  backward  and  forward.     By  these  movements  the  bruised  food 
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is  soon  pushed  from  between  the  teeth,  and  passes  toward  either 
the  tongue  or  cheek.  The  morsel  is  soon  replaced  between  the 
teeth  by  the  action  of  the  tongue  on  the  one  hand  and  the  buc- 
cinator muscle  in  the  cheek  on  the  other,  which  act  as  the  feeders 
of  the  mill. 

While  the  process  of  mastication  is  going  on,  the  food  becomes 
thoroughly  moistened  with  the  fluid  secreted  within  the  mouth. 


Fig.  56. 


Deglutition. — The  next   step    is    swallowing.     When   the 

food  is  sufficiently 
triturated  and  mois- 
tened it  is  collected 
together  by  means 
of  the  tongue,  and 
_^  placed  upon  the 
upper  surface  of 
that  organ,  which 
becomes  concave 
and  presses  or  rolls 
the  soft  pulp  against 
the  hard  palate  so 
as  to  shape  it  into 
an  oblong  mass  or 
bolus.  The  apex  of 
the  tongue  (Fig.  56) 
is  now  raised  and 
pressed  against  the 
hard  palate,  and  by 
the  successive  ele- 
vation of  the  dif- 
ferent parts  of  the 
dorsum     of     the 

Muscles  of  Tongue  and  Pharynx.  '^ngue    the    boluS    is 

±,  z,  3,  muscles  from  styloid  process,  6,  to  the  tongue,  hyoid  ffraduallv        D  U  S  h  C  d 
bone  </,  and  pharynx  respectively;    4,  5,  6,  7,  8,  muscles  J         ir 

of  tongue  :   g,  10, 11,  constrictors  of  pharynx  ;    12,  esoph-  backward  tOWard  thC 
agus;  13,  is  placed  on  larynx,  ?.     {Allen  Thomson,) 

isthmus  of  the  fauces. 
The  root  of  the  tongue  with  the  hyoid  bone  is  at  the  same  time 
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Fig, 


drawn  upward  and  forward,  so  that  the  bolus  easily  slips  down 
along  the  retreating  slope  leading  from  the  mouth  cavity,  and 
gets  within  the  reach  of  the  constrictors  of  the  fauces.  Imme- 
diately before  the  morsel  of  food  is  grasped  by  the  muscles 
of  the  fauces  the  levator  palati  draws  the  soft  palate  upward 
and  backward  to  completely  close  the  posterior  openings  of 
the  nasal  cavity,  as  is  shown  by  the  fact  that  during  the  act  of 
swallowing  the  pressure  in  the  nasal  cavity  is  raised.  At  the 
same  moment  the  intrinsic  muscles  of  the  larynx,  which  sur- 
round the  rima  glot- 
tidis  like  a  constrictor, 
firmly  close  that  open- 
ing by  approximating 
the  cords  and  arytenoid 
cartilages.  The  entire 
larynx  is  at  the  same 
time  drawn  up  behind 
the  hyoid  bone  by  the 
thyro  -  hyoid  muscle. 
The  rima  glottidis  is 
thus  tucked  in  under  the 
cushion  of  epiglottis, 
while  the  leaf  of  the 
epiglottis  is  pulled 
down  over  the  larynx 
by  the  oblique  aryteno- 
epiglottidean  and  thyro- 
epiglottidean  muscles. 

While  the  closure  of 
the  nasal  and  pulmo- 
nary air  passages  is  go- 
ing on,  the  bolus  has 
passed  out  of  the  cavity 
of  the  mouth  and  has 
been  caught  by  the 
palato-glossal  and  pal- 
ato-pharyngeal  muscles, 


Deep  Muscles  ot  Cheeky  Pharynx,  etc, 

,  orbicularis  oris  ;  2,  buccinator  :  3,  superior,  4,  middle, 
and  5,  inferior  constrictors  of  the  pharynx;  6,  esopha- 
gus ;  7,  styloid  muscles  cut  across  ;  8,  p,  10,  muscles 
attached  to  tlie  hyoid  bone,  d,  and  thyroid  cartilage,  e, 
{Allen  Thotitson^ 

which  force  it  into  the  pharynx,  and 
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Fig.  58. 


-  't> 


at  the  same  time  close  the  isthmus  faucium  behind  the  descend- 
ing morsel.  The  stylo-pharyngeus  and  the  pharyngeal  con- 
strictors now  grasp  the  bolus  spasmodically,  and  the  latter 
contract  in  rapid- succession,  moving  the  bolus  onward,  and 
drawing  themselves  over  it,  pass  it  on  to  the  esophagus,  where, 
by  a  progressing  ring-like  contraction  of  the  circular  mus- 
cles and  a  simultaneous  shortening  of  the  longitudinal  layer 
of  fibers  the  mass  is  slowly  squeezed  down  to  the  cardiac 
orifice  of  the  stomach.  The  movements  of  the  esophagus  are 
essentially  peristaltic  in  character,  the  peculiarities  of  which  form 

of  motion  will  be  dis- 
cussed when  speaking  of 
the  intestinal  movements. 
The  process  of  swallow- 
ing is  performed  by  a  con- 
tinuous series  of  coor- 
dinated muscular  move- 
ments, quite  independent 
of  gravitation,  as  may  be 
seen  in  animals  which 
drink  with  their  heads 
downward.  Although 
these  complex  sets  of 
movements  follow  each 
other  regularly  and  with- 
out any  check  or  interval, 
the  act  of  deglutition  is 
commonly  divided  into 
three  stages,  between 
which,  as  there  is  no 
pause,  it  is  not  easy  to 
draw  a  hard  and  fast  line. 
The  ^rsi  stage  is  simply 
the  initiatory  step  of  plac- 
ing the  morsel  of  food,  or 
some  liquid  in  such  a  position  as  to  excite  the  second  or  spas- 
modic act  of  deglutition.    This  first  step  is  a  voluntary  act,  and  it 


Transverse  Section  of  Esophagus.  {Horsley.) 
I,  outer  fibrous  covering:  6,  bundles  of  longi- 
tudinal muscle  cut  across;  c,  transverse  muscular 
coat  cut  obliquely ;  d,  sub-mucous  coat  witb  glands 
in  section ;  e,  muscular  layer  of  the  mucous  mem- 
brane :  _/)  mucous  membrane  with  cut  vessels  ;  ^, 
stratified  epithelium. 
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is  the  only  part  of  the  movements  of  swallowing  over  which  we 
can  exert  complete  control.  The  progress  of  the  morsel  between 
the  tongue  and  the  palate  toward  the  fauces  may  be  as  slow  and 
gradual  as  we  wish,  but  the  moment  a  certain  point  is  reached 
volition  is  at  an  end,  and  we  are  unable  to  check  the  completion 
of  the  act. 

By  the  second  stage  is  meant  the  period  occupied  by  the 
passage  of  the  food  bolus  through  the  pharynx  and  past  the 
top  pf  the  larynx.  Although  we  are  not  able  to  influence  it  in 
any  way  by  our  will,  we  are  conscious  of  the  food  passing  in  this 
region.  It  is  a  rapid  involuntary  spasm  in  which  a  great  num- 
ber of  striated  muscles  take  part. 

The  third  stage  includes  all  the  rest  of  the  time  during  which 
the  bolus  is  passing  from  the  grasp  of  the  lower  pharyngeal  con- 
strictor and  along  the  esophagus.  Not  only  has  our  will  nO 
influence  over  this  stage  of  deglutition,  but  we  are  hardly 
conscious  of  its  taking  place,  since  no  sensations  accompany  the 
greater  part  of  it.  Thus  the  more  essential  movements  of  the 
act  of  swallowing  are  purely  reflex  and  involuntary,  though  we 
can  call  forth  this  series  of  reflexions  by  voluntary  stimulation 
of  a  certain  part  of  the  fauces  by  means  of  a  morsel  of  food  or 
a  drop  of  liquid.  And  without  such  a  stimulus  as  food  or 
liquid  we  cannot  by  our  will  excite  swallowing.  We  think  we 
can  perform  the  muscular  movements  of  swallowing  when  we 
please,  without  any  food  or  fluid,  but  in  this  we  are  mistaken,  as 
careful  observation  of  our  own  performance  of  the  act  will 
show. 

■  The  pharyngeal  spasm  is  always  preceded  by  the  deposition  in 
the  region  of  the  isthmus  faucium  of  some  drops  of  saliva 
collected  from  the  mouth  or  fauces  themselves.  In  fact, 
without  a  slight  preliminary  movement  of  the  posterior  part  of 
the  tongue— which  might  be  called  the  last  act  of  mastication — 
the  more  essential  stages  of  deglutition  cannot  be  excited. 

Nervous  Mechanism  of  Mastication  and  Deglutition. 

— The  voluntary  influences  which  regulate  the  motions  of  the 
muscles  of  mastication  pass  along  the  efferent  branches  of  the 
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fifth  nerves  (trigemini)  which  acc&mpany  its  inferior  division. 
The  muscles  which  depress  the  jaw  to  open  the  teeth  and  the 
intrinsic  muscles  of  the  tongue  are  supplied  by  the  ninth  pair 
of  nerves  (except  the  posterior  belly  of  the  digastric,  which  has 
a  branch  from  the  facial,  and  the  mylohyoid  and  anterior  belly 
of  the  digastric,  which  are  supplied  from  the  third  division  of 
the  fifth).  The  coordination  of  the  movements  of  mastication 
and  suction  seem  to  reside  in  the  medulla  oblongata,  but  are 
obviously  under  the  control  of  the  will. 

The  afferent  impulses  which  excite  the  nerve  centers  in  the 
medulla,  and  give  rise  to  reflex  acts  which  cause  the  swallowing 
movements,  pass  from  the  mucous  membrane  of  the  fauces 
along  (i)  the  descending  palatine  branches  of  the  spheno- 
palatine ganglion  and  the  second  division  of  the  trigeminus, 
also  along  (2)  the  pharyngeal  branches  of  the  superior  laryngeal 
branch  of  the  vagus  to  the  medulla,  where  the  coordination  of 
pharyngeal  spasm  and  esophageal  peristalsis  is  accomplished. 
Thence  the  efferent  impulses  pass  by  (i)  the  hypoglossal  to  the 
hyoid  and  glossal  muscles,  (2)  the  glosso-pharyngeal  and  vagus 
to  the  pharyngeal  plexus  to  supply  the  constrictors,  and  (3)  the 
facial  and  fifth  to  supply  the  fauces  and  palate,  as  indicated  by 
their  anatomical  distribution. 

The  act  of  deglutition  can  be  readily  excited  in  an  animal 
which  is  deprived  of  all  the  nerve  centres  down  to  the  medulla 
oblongata,  and  may  also  be  seen  in  those  human  monstrosities 
(anencephalous  fetus)  born  without  the  upper  part  of  the  brain 
being  developed,  but  which  can  notwithstanding  both  suck  and 
swallow. 

The  movements  of  the  esophagus  are  reflections  from  the 
central  nervous  system  (medulla),  both  sets  of  impulses  (possibly 
the  afferent  and  certainly  the  efferent)  passing  along,  the 
branches  of  the  vagus. 

It  would  appear  that  the  normal  peristaltic  movements  of  the 
esophagus  are  always  initiated  by  a  pharyngeal  spasm,  and 
that  they  form  an  inseparable  sequel  to  it.  Thus  the  wave  of 
contraction  passes  along  the  'entire  length  of  the  esophagus, 
even  when  the  bolus  is  stopped  mechanically,  and  on  the  other 
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Fig.  59. 


hand  a  body  introduced  into  the  esophagus  without  passing 
through  the  pharynx  excites  no  peristaltic  wave  and  remains 
motionless. 

But  it  has  been  observed,  in  apparent  contradiction  to  the 
foregoing  statement,  that  the  esophagus  when  removed  from 
the  body,  and  therefore  quite  independent  of  the  pharynx  and 
its  nervous  connections,  can  be  excited  to  move  peristal tically. 
In  this  case  the  medulla  or  vagus  can  have  no  part  in  bringing 
about  this  wave  of  movement.  To  explain  this  discrepancy  it 
may  be  urged  that  the  local  nerve  and  muscle  mechanism  in  the 
tissues  of  the  esophagus  are  capable  by  themselves  of  carrying 
out  peristaltic  contraction  independently  of  the  central  nerve 
organs,  but  that  this  power  is,  under  ordinary  circumstances, 
held  in  check  by  the  vagus.  The  inhibition  is  temporarily 
suspended  as  a  sequence  of  pharyngeal  spasm,  and  consequently 
a  wave  of  peristaltic  contraction  is  excited  in  the  esophageal 
muscles,  feither  in  response  to 
the  direct  stimulus  of  a  passing 
bolus,  or  as  a  result  of  impulses 
reflected  along  the  vagus  chan- 
nels from  the  medulla. 

Movements  of  the  Stom- 
ach.—The  stomach  and  greater 
part  of  the  intestinal  tract  move 
freely  within  the  abdomen,  be- 
ing covered  by  the  smooth  serous 
lining  of  that  cavity,  which 
also  keeps  in  position,  so  as  to 
restrict  their  movements,  those 
parts,  such  as  the  duodenum, 
into  which  the  ducts  of  large 
glands  open.    When  the  stomach 

is  empty  it  hangs  with  the  great  curvature  downward,  and  the 
muscular  coats  are  quiescent.  On  being  filled  it  is  passively 
rotated  on  its  long  axis,  so  that  the  greater  curvature  is  turned 
forward,  here  meeting  with  less  resistance,  and  the  lesser  curva- 


Diagram  of  Wall  of  the  Stomach,  showing 
the  relative  thickness  of  the  mucous 
membrane^  a,  d,  c,  and  the  transverse, 
e,  oblique,  _/",  and  longitudinal  muscle 
fibers. 
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ture  is  turned  backward  to  its  line  of  attachment.  In  the  mainj 
the  motions  of  the  stomach  are  peristaltic.  They  become  very- 
active  about  fifteen  minutes  after  the  introduction  of  food,  and 
gradually  become  more  and  more  energetic  until  the  end  of 
s'tomach  digestion,  which  lasts  about  five  hours. 

The  result  of  the  peristaltic  motion  is  to  move  the  food, 
particularly  the  part  next  the  gastric  wall,  along  the  great  cur- 
vature toward  the  pylorus.  A  back  current  toward  the  cardiac 
extremity  has  been  noticed  running  along  the  lesser  curvature, 
and  the  median  axis  of  the  food  mass.  At  the  same  time  a 
peculiar  rotatory  motion  of  the  gastric  wall  takes  place,  similar 
to  that  of  rolling  a  ball  between  the  palms  of  the  hands,  so  that 
the  food  is  twisted,  in  a  given  direction,  and  the  deeper  lying 
portion  is  brought  into  contact  with  the  mucous  membrane. 

While  the  fundus  keeps  up  considerable  pressure  on  the 
contents  of  the  stomach,  the  indistinct  peristaltic  action  of  the 
central  parts  is  intensified  on  nearing  the  pylorus  into  a  strong 
circular  contraction,  which  proceeds  as  a  definite  wave  toward 
the  pyloric  valve,  through  which  it  gradually  forces  the  more  or 
less  digested  food.  At  first  only  the  fluid  parts  are  allowed  to 
pass,  but  toward  the  later  stages  of  digestion  the  fatigued  pyloric 
muscle  admits  solid  masses  into  the  duodenum. 

Nerve     Influence    on     Stomach     Movements. — The 

stomach  has  nerve  connections  with  the  cerebro-spinal  axis 
through  the  vagi,  and  the  splanchnic  branches  of  the  sympa- 
thetic, and  in  the  walls  of  the  organ  itself  are  numerous 
ganglion  cells.  The  sympathetic  connections  do  not  seem  to 
have  any  influence  on  the  muscular  coats,  for  neither  their 
stimulation  nor  section  has  any  marked  effect  on  their  move- 
ments. If  the  vagi  be  severed,  stomach  contractions  still  occur, 
but  no  form  of  local  stimulation  produces  the  normal  gastric 
motions,  even  if  the  organ  be  quite  full  of  food,  therefore  it 
would  appear  that  the  local  nerve  centers  are  not  sufficieitt  to 
excite  the  normal  rhythmical  muscular  action.  Moreover,  stim- 
ulation of  the  cut  vagi  leading  to  the  stomach  causes  active 
movements  when  the  stomach   is   full.     It  is  not   merely  the 
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presence  oT  food  that  produces  the  movements,  as  is  shown  by 
the  fact  that  the  motions  increase  as  the  contents  of  the  stomach 
diminish,  but  conditions  incidental  to  digestion  (hyperemia, 
etc.)  probably  also  act  as  a  stimulus. 

Vomiting  is  the  ejection  of  the  contents  of  the  stomach  by 
means  of  a  convulsive  action  of  the  respiratory  and  abdominal 
muscles  associated  with  an  abnormal  contraction  of  the  stomach 
wall,  which  aids  in  opening  the  cardiac  orifice  while  it  keeps 
the  pylorus  firmly  closed. 

The  act  of  vomiting  is  commonly  preceded  by  (i)  a  feeling  of 
sickness  or  nausea,  (2)  a  great  secretion  of  saliva,  (3)  retching. 
The  latter  consists  in  a  violent  inspiratory  effort,  in  the  midst  of 
which  the  root  of  the  tongue  and  the  larynx  are  raised  and  the 
rima  glottidis  suddenly  closed  so  as  to  prevent  air  entering  the 
windpipe.  The  inspiratory  muscles  still  acting,  and  the 
pharynx  and  upper  part  of  the  esophagus  being  held  open,  air 
is  drawn  into  the  gullet  and  dilates  this  tube  nearly  as  far  as  the 
opening  into  the  stomach.  A  contraction  of  the  muscle  fibers 
radiating  from  the  esophagus  over  the  stomach,  then  opens  the 
cardiac  orifice  and  allows  some  gas  to  escape.  Now  the  act  of 
vomiting  is  completed  if  at  this  moment — the  mouth  and 
pharynx  being  open,  the  larynx  closed,  the  esophagus  on  the 
stretch,  the  cardiac  orifice  relaxed,  and  the  pylorus  firmly  closed 
— the  expiratory  muscles  forcibly  contract,  and,  pressing  upon 
the  abdominal  cavity,  give  a  sudden  stroke  to  its  contents  so 
as  to  empty  the  stomach.  The  wall  of  the  stomach  also  contracts 
evenly  throughout,  but  not  with  any  forcible  antiperistaltic 
action  such  as  would  greatly  aid  in  the  operation  of  rapidly 
ejecting  the  vomit.  The  chief  object  attained  in  the  adult  by 
the  action  of  the  muscular  coat  of  the  stomach  seems  to  be  the 
relaxation  of  the  cardiac  orifice.  In  children,  when  the  fundus 
is  little  developed,  and  the  fibers  radiating  over  the  stomach 
from  the  esophagus  are  numerous  and  strong,  the  act  of  vom- 
iting requires  less  effort  on  the  part  of  the  respiratory  muscles, 
the  frequent  puking  of  suckling  infants  being  accomplished  by 
the   gastric   muscle   alone.     When   the  vomit   is  emitted,  the 
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hyoidean,  laryngeal,  and  neck  muscles  relax,  and  the  air  is 
forcibly  driven  out  of  the  partially  distended  lungs  so  as  to 
clear  away  any  remaining  particles  from  the  upper  part  of  .the 
air  passages. 

Vomiting  is  usually  caused  by  irritation  of  the  stomach  itself, 
and  may  be  induced  by  either  mechanical,  electrical,  or  chemical 
stimulation  of  the  mucous  membrane.  In  this  way  some 
emetics,  such  as  mustard,  sulphate  of  copper,  etc.,  act.  It 
may  also  be  caused  by  intestinal  irritation,  as  when  a  hernia  is 
strangulated,  or  the  mucous  membrane  irritated  by  intestinal 
worms. 

Gentle  stimulation  of  the  fauces  and  neighborhood  of  the 
root  of  the  tongue  commonly  induces  vomiting.  In  the  early 
stages  of  pregnancy  the  unusual  condition  of  the  uterus  causes 
frequent  vomiting,  which  is  known  as  "  morning  sickness." 
The  irritation  of  a  calculus  passing  through  the  ureter,  or  a 
gall-stone  impacted  in  the  bile  duct,  usually  excite  vomiting. 
Injuries  of  the  brain,  and  physical  impressions,  particularly  those 
excited  by  the  sense  of  smell  or  unusual  disturbance  of  equi- 
librium, may  give  rise  to  vomiting.  Moreover,  a  number  of 
medicaments,  as  apomorphin,  emetin,  etc.,  if  introduced  into 
the  blood,  act  on  the  center  and  cause  vomiting. 

From  the  foregoing  facts  it  appears  that  vomiting  is  a  complex 
and  irregular  muscular  act,  which  may  be  induced  by  the 
stimulation  of  various  parts  of  the  internal  surfaces  of  the  body, 
particularly  those  which  receive  branches  from  the  vagus  nerve. 

One  would  therefore  be  inclined  to  suppose  that  some  afferent 
nerve  channels  exist  in  the  vagus  which  bear  impulses  to  a 
vomiting  nerve  center  and  excite  it,  so  as  to  cause  it  to  send 
forth  peculiar  and  irregular  impulses  to  the  respiratory,  gastric, 
and  other  muscles,  and  give  rise  to  their  characteristic  spasm. 

In  short,  it  would  seem  to  be  a  reflex  act,  the  afferent  impulses 
of  which  pass  to  the  medulla  oblongata  by  the  vagus,  and  the 
efferent  impulses  are  conveyed  by  the  ordinary  spinal  nerves  to 
the  respiratory  muscles,  by  the  vagus  to  the  pharyngeal,  laryngeal 
and  gastric  muscles,  and  by  the  fifth,  seventh,  and  ninth  nerves 
to  the  palatine,  facial,  and  hyoidean  muscles.     This  vomiting 
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nerve  center  must  lie  in  the  medulla,  in  very  close  relationship 
to  the  respiratory  center,  with  which  it  is  associated.  This 
center  may  bring  about  the  whole  sequence  of  events  known  as. 
vomiting  when  stimulated  either  directly  by  poisons  contained 
in  the  blood,  indirectly  through  the  vagus,  or  even  from  the 
higher  centers  by  emotions  or  ideas.  Section  of  the  vagi 
renders  vomiting  impossible,  as  it  cuts  off  both  the  commonest 
source  of  stimulus  going  to  the  center,  and  also  the  important 
efferent  impulses  which  cause  the  muscle  coat  of  the  stomach  to 
contract  and  to  open  the  cardiac  orifice. 

In  some  animals  vomiting  is  not  possible,  while  with  others 
this  act  may  be  considered  under  voluntary  control,  like  chewing 
the  cud  in  ruminants. 

Movements  of  the  Intestines. — The  muscular  coats  are 
somewhat  differently  arranged  in  the  small  and  the  large  intes- 
tines, but  have  the  same  general  relation  to  each  other,  viz.,  a 
thin  longitudinal  layer  lying  externally,  next  the  serous  mem- 
brane, and  a  layer  of  circular  fibers  considerably  thicker  lying 
internally  under  the  mucous  membrane.  In  the  large  intestine 
the  external  longitudinal  fibers  are  collected  into  three  bands 
placed  at  equal  distances  one  from  another,  which,  being  rather 
shorter  than  the  remainder  of  the  intestine,  throw  the  inter- 
mediate part  into  a  series  of  pouches, 

It  is  in  the  small  intestine  that  peristaltic  motion  of  the 
most  typical  kind  occurs.  A  wave  of  contraction  passes  from 
the  pylorus  along  the  circular  fibers,  so  as  to  look  like  a  broad 
ring  of  constriction  progressing  slowly  downward. 

The  longitudinal  fibers  at  the  same  time  contract  so  as  to 
shorten  the  piece  of  intestine  immediately  below  the  ring  of 
constriction,  and  also  cause  a  certain  amount  of  rolling  move- 
ment of  those  loops  of  intestine  which  are  free  enough  to  move. 

This  motion  takes  place  periodically  in  proportion  to  the 
amount  and  character  of  the  contents  of  the  intestine,  the  food 
passing  over  the  mucous  membrane  being  to  all  appearance  the 
stimulus  which  normally  calls  forth  and  intensifies  the  action. 

The  activity  of  the  persistaltic  movements  varies  with  many 
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Fig.  6o. 


circumstances  besides  the  contents  of  the  intestines.     Of  these 

the  most  noticeable  is  the  amount 
and  character  of  the  blood 
flowing  through  the  vessels  of 
the  intestinal  wall.  Thus  stop- 
page of  the  blood  current  by- 
tying  the  arteries,  or  deficiency 
of  oxygen  and  excess  of  carbonic 
acid,  causes  inordinate  activity 
of  the  peristaltic  action.  Direct 
irritation  of  the  serous  surface  of 
the  intestine,  with  mechanical, 
chemical,  or  electrical  stimuli 
also  causes  an  increase  in  the 
movements  of  the  intestine. 

The  great  activity  of  the  mo- 
tion observed  when  the  abdo- 
minal cavity  of  a  recently  killed 
animal  is  opened  depends  partly 
on  the  exposure  to  cool  air,  and 
partly  on  the  venous  character  of  the  blood  in  the  vessels  no 
longer  oxidized  by  respiration. 

The  irregular  and  impetuous  action  of  the  intestine  which 
follows  the  constriction  or  strangulation  of  a  hernial  protrusion, 
probably  depends  chiefly  on  the  mechanical  stimulation,  but  also 
is  intimately  related  to  interference  with  the  blood  supply  conse- 
quent on  the  pressure  exerted  by  the  constricting  band.  Pro- 
longed overwork  often  induces  immobility  of  the  intestinal  wall, 
and  hence  we  find  the  purging  and  vomiting  which  accompany 
a  temporary  hernial  constriction,  followed  by  inability  of  the 
intestine  to  propel  its  contents.  These  points  have  also  been  ~ 
proved  by  results  of  experiments  on  the  lower  animals. 

The  movement  of  the  large  intestine?  is  the  same  in  character 
as  that  of  the  small,  but  not  so  obvious,  owing  to  the  modified 
sacculated  shape  of  this  part  of  the  alimentary  canal.  The  con- 
tractions of  the  colon  begin  at  the  ileo-cecal  valve  where  the 
peristaltic  wave  of  the  ileum   ceases.     The   normal   intestinal 


Diagram  of  a  Longitudinal  Section  of  the 
Wall  of  the  Small  Intestine. 

a,  villi;  i5,  Lieberkilhn's  glands  ;  c,  tunica 
mu8cularis  mucosae,  below  which  lies 
Meissner's  nerve  plexus  ;  d,  connective 
tissue  in  which  many  blood  and  lymph 
vessels  lie  ;  e,  circular  miiscle  fibers  cut 
across  with  Auerbach's  nerve  plexus, 
below  it ;  /,  longitudinal  muscle  fibers  ; 
gi  serous  coat. 
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motions  thus  pass  in  an  almost  uninterrupted  wave  from  the 
pylorus  to  the  end  of  the  gut,  but  when  special  sources  of  irri- 
tation exist,  a  wave  may  originate  in  almost  any  intermediate 
part  of  the  intestine.  A  reversed  "  anti-peristaltic  motion,"  as 
it  is  called,  only  occurs  as  a  result  of  some  intense  local  stimula- 
tion, such  as  the  strangulation  of  a  hernia,  etc. 

The  motion  produced  by  the  substances  contained  in  the 
intestine  depends  on  their  character.  Tiie  solid  parts  excite 
more  rapid  movements,  and  the  more  fluid  portions  but  slightly 
influence  the  intestinal  peristalsis. 

Thus  the  solids  which  make  their  way  through  the  pylorus  are 
seldom  to  be  found  in  the  jejunum,  no  matter  at  what  period 
after  a  meal  the  animal  be  killed,  whereas  the  folds  .of  the  mucous 
membrane  are  always  bathed  in  a  fluid,  creamy  material  during 
the  entire  period  of  digestion,  and  even  for  a  considerable  time 
after  all  the  food  has  left  the  stomach. 

Mechanism  of  Defecation. — This  is  a  point  of  much 
importance,  for  the  evacuation  of  the  lower  bowel  is  intimately 
connected  with  feelings  of  comfort  and  health,  and,  in  illness, 
the  insuring  of  its  accomplishment  forms  an  essential  part  of  the 
physician's  duty. 

The  movements  of  the  intestine  cause  the  various  excretions 
and  indigestible  parts  of  the  food  to  pass  toward  the  sigmoid 
flexure  of  tht  colon,  where  their  onward  motion  is  checked  for 
a  time  by  the  strong  circular  muscle  of  the  rectum  (called  the 
superior,  or  tertius  sphincter  by  Hyrtl),  which  does  not  carry  on 
the  peristaltic  wave.  THe  materials  here  get  packed  into  a  more 
or  less  solid  mass,  which  is  gradually  augmented. 

The  lower  outlet  of  the  alimentary  canal  is  closed  by  two 
distinct  sphincter  muscles.  One  thin  external  superficial  muscle, 
made  up  of  striated  fibers,  belongs  to  the  perineal  group,  and 
has  little  influence  on  the  closure  of  the  anus.  The  deep  or 
internal  sphincter,  which  is  much  stronger,  surrounds  the  gut 
for  rather  more  than  an  inch  (three  centimeters,  Henle)  in  height, 
and  is  one-quarter  inch  thick.  It  is  made  of  smooth  muscle, 
and  therefore  capable  of  prolonged  (tonic)  contraction.  It 
13 
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would  appear,  however,  that  this  strong  sphincter  is  merely  a 
supernumerary  guard  to  the  anal  outlet,  but  rarely  called  into 
active  contraction,  for  during  the  interval  of  rest,  between  the 
acts  of  defecation,  the  feces  do  not  come  in  contact  with  the 
portion  of  intestine  surrounded  by  this  muscle.  The  rectum  for 
quite  one  inch  above  the  sphincter  is  perfectly  empty,  being  kept 
free  from  feculent  particles  partly  by  a  fold  of  the  intestinal  wall, 
and  partly  by  the  repeated  action  of  the  voluntary  muscles  in 
the  neighborhood,  which  by  intensifying  the  angle  that  exists  at 
this  point,  and  flattening  this  inch  of  rectum,  can  squeeze  back 
the  approaching  matters.  Any  one  familiar  wiih  the  digital 
examination  of  the  unevacuated  rectum  knows  that  no  feces  are 
met  with  for  about  two  inches. 

Considerable  accumulation  may  take  place  in  the  sigmoid 
flexure  without  much  discomfort  ensuing,  but  when  the  rectum 
is  distended,  an  urgent  sensation  of  wanting  to  empty  it  is 
experienced,  and  the  voluntary  movements  mentioned  above 
are  performed  by  the  levator  ani  and  the  neighboring  perineal 
muscles  with  the  object  of  preventing  any  substance  reaching 
the  part  of  the  rectum  immediately  above  the  sphincter. 

If  the  rectum  be  distended  with  fluid,  the  occasional  anal 
elevation  does  not  suffice  to  keep  it  back,  and  a  continuous  and 
combined  action  of  the  sphincters  and  levator  ani,  etc.,  is  neces- 
sary to  ward  off  the  expulsion  of  the  contents. 

When  the  lower  bowel  is  habitually  emptied  at  the  same  hour 
daily — a  habit  which  should  be  carefully  exercised — the  sensa- 
tions of  requirement  to  go  to  stool  occur  with^great  punctuality, 
or  can  be  readily  induced  by  the  will,  so  that  normal  defecation, 
in  the  adult,  is  reputed  to  be,  and  practically  is,  a  voluntary  act. 
But  not  completely  so,  for,  somewhat  like  swallowing,  the  later 
stages  of  defecation  consist  essentially  of  a  series  of  involuntary 
reflex  events  which  we  can  initiate  by  the  will,  but,  when  once 
started,  are  powerless  to  modify  until  the  reflex  sequence  is 
completed. 

Under  ordinary  circumstances,  the  evacuation  of  the  feces  is 
commenced  by  the  voluntary  pressure  exercised  on  the  abdom- 
inal contents  by  the  respiratory   muscles.     The  diaphragm   is 
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depressed,  the  outlet  of  the  air  passages  firmly  closed,  and  the 
expiratory  muscles  thrown  into  action,  while  at  the  same  moment 
the  muscles  which  close  the  pelvic  outlet  relax,  and  allow  the 
anus  to  descend,  so  that  the  inferior  angle  of  the  rectum  is 
straightened  and  a  voluntary  inhibition  of  the  sphincter  is  brought 
about.  This  voluntary  expiratory  effort  seldom  requires  to  be 
continued  for  more  than  three  or  four  seconds  before  some  fecal 
matter  reaches  the  part  of  the  rectum  just  above  the  sphincter. 
When  this  has  occurred,  no  further  abdominal  pressure  is  neces- 
sary (except  when  the  masses  of  feces  are  large  and  hard),  for  the 


Fig.  6i. 


Fig.  62. 


Auerbach's  Plexus  from  Between  the 
Muscle  CoatS' of  the  Intestine^  with  Low 
Power. 


A  Nodal  Point  of  Auerbach's  Plexus,  under 
High  Power,  showing  the  nerve  cells. 


local  stimulus  starts  a  series  of  reflex' acts  which  carry  on  the 
operation.  These  consist  of  an  increased  peristaltic  contrac- 
tion of  the  colon  and  sigmoid  flexure,  the  waves  of  which  pass 
along  the  rectum.  These  waves  are  accompanied  by  synchronous 
rhythmical  relaxation  of  the  sphincter,  which  replaces  its  normal 
condition  of  tonic  contraction. 

The  effect  of  the  voluntary  effort,  and  the  amount  of  the 
abdominal  pressure  required,  depend  upon  the  consistence  of  the 
feces.  When  quite  fluid,  they  constantly  tend  to  come  in 
contact  with  the  sensitive  point  of  the  rectum,  and  a  voluntary 
effort  is  required  to  prevent  the   reflex  series  of  events   from 
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taking  place ;  a  momentary  relaxation  of  the  sphincter  with 
voluntary  abdominal  pressure  is  suflficient  to  eject  the  contents  of 
the  bowel.  On  the  other  hand,  when  the  feces  are  firm,  time  is 
required  in  order  that  the  slowly-acting  smooth  muscle  may  pass 
the  mass  onward.  In  common  constipation,  the  difficulty  is  to 
get  the  solid  mass  down  to  the  sensitive  exciting  point,  in  which 
case  a  few  drachms  of  warm  fluid,  used  as  an  enema,  may  awaken 
the  necessary  reflex  movements. 

Nervous  Mechanism  of  the  Intestinal  Motion. — Many 
points  in  the  nervous  control  exerted  over  the  intestinal  muscles 
are  obscure.     We  know  that  intestinal  movements  which  are 


Fig.  63. 


Fig.  64. 


Meissner's  Plexus,  Low  Power. 


Meissner's  Plexus,  H  igh  Power,  showing 
cells  grouped  at  nodal  points. 


peristaltic  in  their  nature  Occur  in  a  portion  of  intestine  removed 
from  the  body,  and  thus  separated  frona  all  central  nervous 
control.  We  know  also  that  there  are  abundant  nerve  elements  in 
the  walls  of  the  intestines  which  have  all  the  characters  of  gang- 
lion cells,  and  therefore  probably  are  controlling  agents. 

With  regard  to  these  local  nervous  agencies,  anatomists  have 
made  out  two  distinct  sets,  both  of  which  have  the  form  of  a 
network  of  nerve  fibrils  studded  with  cell  elements  at  their 
nodal  points.  One  of  these,  a  closely  meshed  plexus  with 
flattened  cords  and  ganglionic  masses  at  their  points  of  union, 
lies  between  the  longitudinal  and  circular  layer  of  muscles  (Figs. 
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6i,  62),  forming  the  plexus  myentericus  exterior  of  Auerbach, 
and  most  probably  controls  the  movements  of  these  layers 
of  muscle.  The  other  lies  internal  to  the  circular  muscle, 
in  close  relation  to  the  muscularis  mucosae,  and  is  called  the 
plexus  myentericus  interior  of  Meissner,  the  meshes  of  which 
are  looser  and  more  irregular,  and  the  cords  and  ganglia  more 
rounded  and  finer  than  those  of  Auerbach's  plexus.  (Figs. 
63,  64.) 

The  Tjlood  flowing  through  these  nerve  centers  in  all  proba- 
bility acts  as  a  sufficient  stimulus,  under  ordinary  circumstances, 
to  produce  some  peristaltic  motions,  and  hence  we  may  say  that 
they  are  automatic.  When  food  comes  into  the  intestine  it 
increases  the  flow  of  blood,  as  well  as  mechanically  irritating 
the  intestinal  wall.  The  intestinal  vessels  remain  engorged  so 
long  as  the  process  of  digestion  goes  on.  Food  seems  to  act 
more  effectually  than  insoluble  mechanical  stimuli,  for  when 
insoluble  substances  are  placed  in  the  gut,  they  at  first  call 
forth  active  movements ;  but  these  do  not  last  long,  for  the 
stimulus  is  not  of  itself  adequate  to  excite  prolonged  action, 
except  it  be  associated  with  continuing  congestion  dependent 
upon  other  causes,  such  as  the  vaso-motor  changes  accom- 
panying the  general  digestive  process  and  the  absorption  of 
the  prepared  food-stuffs. 

With  regard  to  the  influence  of  other  nerves,  it  seems  to  be 
admitted  on  all  sides  that  the  vagus  acts  as  an  exciting  nerve, 
since  stimulation  of  its  peripheral  part  causes  increased  action, 
and  it  is  probable  that  its  great  efferent  channel  for  impulses  is 
reflected  through  the  brain. 

On  the  other  hand,  the  splanchnic  nerves,  which  come  from 
the  thoracic  sympathetic,  are  said  to  be  inhibitors  of  the 
myenteric  plexuses.  This  may  be  explained  by  their  effect  on 
the  small  vessels — which  they  no  doubt  control — causing  a 
change  in  the  blood  supply.  Be  this  as  it  may,  the  splanchnics 
seem  to  have  considerable  influence  on  the  intestinal  move- 
ments. When  stimulated  they  commonly  check  the  intestinal 
motions,  but  may  sometimes  (as  when  the  movements  have 
ceased  after  death)  give  rise  to  new  movements. 
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On  account  of  this  double  action,  it  has  been  said  that  there 
are  two  kinds  of  fibers,  (i)  inhibiting,  which  are  easily  excited, 
and  during  life  have  greater  influence,  and  (2)  exciting,  which, 
though  less  excitable,  retain  their  irritability  longer. 

However,  most  of  these  effects  may  be  explained  by  referring 
them  to  vaso-motor  changes. 

With  regard  to  defecation,  we  know  that  a  nerve  center 
exists  in  the  lumbar  portion  of  the  spinal  cord  which  governs 
the  sphincter  and  seems  to  keep  up  its  tonic  contraction.  This 
center  may  be  either  excited  to  increased  action  or  inhibited 
by  peripheral  stimuli  or  by  central  influences  from  the  brain. 

Thus  the  local  application  of  warmth  causes  inhibition  of 
the  center,  and  thereby  relaxation  of  the  sphincter,  while  cold 
gives  rise  to  increased  central  action,  causing  contraction  of  the 
sphincter  muscle  (a  point  to  be  remembered  when  examining  or 
operating  within  its  grasp).  Besides  the  voluntary  variations 
which  we  can  bring  about  in  the  activity  of  this  lumbar  center, 
many  other  central  influences,  such  as  emotions,  may  operate 
upon  it.  Thus  terror  inhibits  the  center,  and  loosens  the 
sphincter  independently  of  our  will. 
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CHAPTER  VII. 


MOUTH  DIGESTION. 


Structurk  of  the  Mucous  Membrane. 

The  cavity  of  the  mouth  is  lined  by  a  bright  red  membrane, 
which  is  continuous  with  the  skin  at  the  lips.  It  varies  in 
structure  in  different  p^rts  of  the  buccal  cavity,  and  in  its 
general  construction  more  resembles  the  outer  covering  of  the 
body  than  the  mucous  membrane  lining  the  alimentary  tract. 
It  consists  of  (i)  a  superficial  part  composed  of  thick  stratified 
epithelium,  the  upper  cells  of  which  are  flat,  scaly,  and  tougK, 
•and  are  placed  horizontally,  while  in  the  deeper  layers  the  cells 
are  soft,  rounded  or  elongated,-  having  their  long  axis  per- 
pendicular to  the  surface ;  and  (2)  a  deeper  part  composed  of 
fibro-elastic  tissue,  which,  over  the  alveoli  of  the  teeth,  is  amal- 
gamated with  the  periosteum  and  forms  the  dense,  tough  gums. 

The  mucous  membrane  of  the  mouth  is  covered  with  papillae 
which  on  the  dorsum  of  the  tongue  attain  great  magnitude  and 
variety  of  shape  and  epithelial 
covering.  In  man,  three  kinds 
are  described :  (i)  Narrow 
and  pointed,  filiform.  (2)  Blunt 
and  clubbed  at  the  summit, 
fungiform.  ("3)  Broad  com- 
plex papillae,  surrounded  by  a 
fossa,  circumvallate,  of  which 
there- are  but  a  limited  number 
(about  a  dozen). 


Fig.  65. 


Diagram  Taken  from  a  Small  Portion  of 
Sacculated  Gland  from  Cockroach, 
showing  branching  duct  and  saccules . 


Glands. 
The  special  secreting  organs 
or  glands,  which  pour  their  juices  into  the  mouth,  all  have  the 
same  general  type  of  structure,  though  they  vary  much  in  detail 
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as  to  the  variety  and  character  of  their  cells.  They  are  known 
as  the  acinous  or  sacculated  glands,  from  their  being  made  up  of 
numerous  acini,  or  minute  elongated  sacs  or  tubules,  arranged 
at  the  end  of  a  repeatedly  branching  duct,  like  grapes  on  the 
terminals  of  the  successive  little  branches  growing  from  the, 
central  stalk  to  form  a  bunch.  In  the  glands  the  saccules  are 
packed  together  closely  around  the  ducts,  and  by  mutual  pressure 
are  made  to  assume  various  shapes.  The  wall  of  the  saccule  is 
formed  of  a  very  delicate,  clear,  transparent  membrane,  on  the 

Fig.  66. 


Section  of  the  Submaxillary  Gland  of  the  Dog,  showing  the  commencement  of  a  duct  in 

the  alveoli.     X  425.  (Schdfer.^ 
a,  one  of  the  alveoli,  several  being  grouped  round  the  ductlet,  df  \  d,  basement  membrane 

in  section ;  (f,  larger  duct  with  columnar  epithelium  ;  s,  half-moon  group  of  cells. 


outside  of  which  are  numerous  flattened  branching  stellate  cells, 
the  branches  of  which  anastomose  one  with  another,  and  appear 
to  penetrate  the  membrane  in  order  to  reach  the  inside  of  the 
acini. 

The  cavity  of  the  little  sacs  is  almost  completely  filled  with 
large  polygonal  gland-cells,  so  that  only  a  very  narrow  space 
exists  in  the  center.     (Fig.  66.)     From  this  space  there  is  free 
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Fig..  67. 


communication  to  the  main  duct  of  the  gland  by  means  of  the 
proper  ductlet  of  each  saccule.  In  the  saccules  of  a  few 
glands,  e.g.,  some  of  the  so-called  mucous  salivary  glands, 
another  kind  of  cell  element  is  seen  between  the. gland  cells 
just  described  and  the  wall  of  the  sac,  their  outer  side  following 
accurately  the  concave  boundary  of  the  saccule,  their  inner 
side  impinging  upon  the  gland  cells.  They  thus  acquire  a  more 
or  less  half-moon  shape.  These  demilune  cells  will  be  again 
referred  to  (page  162). 

Between  the  saccules  are  numerous  blood-vessels  which  branch 
and  form  a  network  of  capil- 
laries on  the  outside  of  each 
little  sac.  Numerous  nerves  are 
also  found,  which,  according  to 
some  observers,  have  ganglionic 
cell-connections  in  the  gland 
substance,  and  send  terminals 
into  the  gland-cells  direct. 

Although  this  account  of  the 
nerve  terminations  in  the  secret- 
ing cells  of  other  glands  has 
met  with  doubt,  it  is  certain 
that  in  the  lower  animals  nerve 
terminals  have  been  traced  into 
gland-cells,  and  upon  physio- 
logical grounds,  as  will  pres- 
ently appear,  we  are  forced  to 
believe  that  a  similar  connec-' 
tion  must  exist  in  mammalia. 

The  ducts  are  lined  with  short,  cylindrical  epithelium  which 
does  not  appear  to  have  any  secreting  function.  All  the  glands 
are  made  up  of  numerous  packets  of  lobules  bound  together  in 
one  mass  and  united  by  their  ducts.  Each  of  these  lobules  is 
itself  a  perfect  gland.  The  smaller  mouth  glands  are  also  separ- 
able into  lobules,  and  hence  are  called  compound  acinous  glands. 

The  mouth  glands  are  divided  into  two  sets,  which  produce 
different  kinds  of  secretion  :     (i)  Mucous  glands,  which  secrete 


A  Dissection  of  the  Side  of  the  Face, 
showing  the  salivary  glands. 

a,  sublingual  gland  ;  b,  submaxillary  glands 
with  their  ducts  opening  on  the  floor  of 
the  mouth  beneath  the  tongue  at  d;  c, 
parotid  gland  and  its  duct,  which  opens 
on  the  inner  side  of  the  cheek. 
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mucus,  and  (2)  Salivary  glands,  which  produce  watery  saliva. 
The  functional  distinction  is  seldom  absolute,  for  most  salivary- 
glands  have  a  mixed  secretion,  and  various  gradations  of  transi- 
tion from  purely  salivary  to  purely  mucous  glands  are  met  with. 

The  proper  mucous  glands  are  small,  varying  in  size  from  a 
pin's  head  to  a  pea.  They  are  found  in  groups  under  the 
mucous  membrane  in  various  parts  of  the  mouth,  and  from 
their  positions  are  called  labial,  buccal,  etc.  Their  cells 
contain  a  clear  substance  called  mucinogen. 

The  great  Salivary  glands  are  the  three  large  glands  on  each 
side,  which  are  known  as  the  parotid,  submaxillary,  and  sub- 
lingual. On  account  of  their  great  size  they  form  striking 
anatomical  objects,  being  large  masses  of  irregularly  arranged 
glandular  packets,  which  might  be  spoken  of  as  lobes  to  dis- 
tinguish them  from  the  smaller  packets  or  lobules.  Their  ducts 
are  of  considerable  size,  and  have  strong  walls  made  of  dense 
fibrous  tissue,  containing  many  elastic  fibers,  and  in  one  of 
them,  the  submaxillary,  smooth  muscle  tissue  has  been  demon- 
strated. 

The  parotid  duct  opens  into  the  mouth  about  the  middle  of 
the  cheek  just  opposite  the  upper  second  molar  tooth.  The 
submaxillary  has  also  a  single  duct  (Wharton's),  which  opens 
beneath  the  tongue  beside  the  frenum.  The  sublingual  gland 
has  several  ducts,  some  of  which  open  into  that  of  the  sub- 
maxillary, and  others  unite  to  enter  the  mouth  beside  Wharton's 
duct. 

In  different  animals  and  in  different  glands  of  the  same 
animal  a  variable  amount  of  mtfcus  is  secreted  by  these  glands, 
which  are  all  called  salivary,  though  the  parotid  alone  deserves 
the  name,  in  the  strictest  sense  of  the  term,  owing  to  the  freedom 
of  its  secretion  from  mucus. 

The  Characters  of  Mixed  Saliva. 

The  liquid  in  the  mouth  is  a  mixture  of  the  secretion  of  the 
salivary  glands  with  that  of  the  small,  purely  mucous  glands. 

It  is  a  slightly,  turbid,  tasteless  fluid  of  a  distinctly  alkaline 
reaction,  of  1004-1008  specific   gravity,  and  so  tenacious  that 
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Fig.  68. 


it  can  be  drawn  into  threads.  The  amount  secreted  by  an  adult 
human  being  during  24  hours  varies  greatly  according  to  cir- 
cumstances, and  has  been  variously  estimated  by  different 
authors,  by  whom  the  wide  limits  of  200-2000  grms.  (7-70  oz.) 
have  been  assigned  as  the  daily  amount. 

Saliva  contains  about  .5  per  cent,  of  solids.  Of  these  the 
greater  part  are  organic;  namely,  (i)  Mucin,  from  the  sub- 
maxillary, sublingual,  and  small  mucous  glands,  which  can  be 
precipitated  by  acetic  acid.  To  this  substance  the  viscidity 
of  the  saliva  is  due  (2)  Traces  of  albumin  precipitable  by 
concentrated  nitric  acid  and  boiling.  (3)  Traces  of  globulin, 
precipitated  by  carbonic  acid.    (4)  Ptyalin,  a  peculiar  ferment. 

The  inorganic  constitutents  are  salts,  among  which  an  incon- 
stant amount  ol potassium  sulpho- 
cyanate   is    found,   a    substance 
which    does    not   exist   in   the 
blood. 

There  are  also  many  morpho- 
logical elements,  of  these  the 
majority  are  accidental,  being 
the  remains  of  food,  etc. ;  others 
are  more  or  less  characteristic ; 
namely,  (i)  Salivary  corpuscles, 
which  are  rounded  protoplasmic 
masses  containing  nuclei  and 
coarse  granules  which  show 
.Brownian  movements.  (2)  Epithelial  scales,  from  the  surface 
of  the  mucous  membrane  of  thte  mouth.  (3)  Various  forms  of 
bacteria,  which  propagate  readily  amid  the  decaying  particles  of 
food  in  the  mouth.  No  bacteria  or  other  fungi  exist  in  the  ducts 
of  the  glands  or  saliva  taken  from  them  with  the  necessary  aseptic 
precautions.  (Fig.  68.) 


The  Form  Elements  from  Mixed  Saliva 
from  Tip  of  Tongue,  showing,  f,  large, 
irregular,  scaly  epithelial  cells  ;  c,  round 
salivary  corpuscles,  several  b,  bacteria, 
and,  ni^  micrococci. 


Collection  of  the  Secretion. 
Ordinary  mixed  saliva  maybe  easily  collected  by  chewing  some 
insoluble  material,  such  as  a  bit  of  rubber  tubing,  and  collecting 
the  fluid  which  the  action  causes  to  be  poured  into  the  mouth. 
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The  collection  of  the  secretion  of  the  different  glands  requires 
more  delicate  methods.  It  may  be  collected  separately  by 
placing  a  cannula  in  the  duct  of  each  gland. 

Parotid  saliva  obtained  in  this  way  is  found  to  have  no 
structural  elements  nor  mucus,  and  is  a  thin  fluid,  dropping  easily, 
and  not  capable  of  being  drawn  into  threads.  It  contains  some 
serum  albumin,  globulin,  potassium  sulphocyanate,  and  ptyalin. 
The  portion  first  collected  is  slightly  acid,  from  decomposition 
of  the  fluid  while  stagnant.  It  never  is  strongly  alkaline.  Its 
specific  gravity  is  1 003-1 004.  On  standing  it  becomes  turbid 
from  the  precipitation  of  carbonate  of  lime,  which  existed  as 
bicarbonate. 

The  submaxillary  secretion  is  more  strongly  alkaline  than  that 
of  the  parotid  ;  it  contains  structural  elements  and  mucin,  but  is 
not  so  viscid  as  the  general  mouth-fluid. 

The  sublingual  secretion  is  much  more  viscid  than  either  of 
the  others,  is  more  strongly  alkaline,  and  contains  much  mucus 
and  many  salivary  corpuscles. 

The  Method  of  Secretion  of  Saliva. 

Under  ordinary  circumstances  very  little  saliva  is  secreted, 
only  sufficient  being  poured  into  the  mouth  to  keep  the  surface 
moist.  When,  however,  food  is  introduced  into  the  mouth,  and 
the  process  of  mastication  commences,  the  secretion  goes  on 
more  or  less  rapidly  according  to  the  stimulating  or  non-stimu- 
lating character  of  the  food. 

The  activity  of  a  salivary  gland  is  at  once  brought  about  by 
means  of  special  nervous  agencies  when  a  stimulus  is  applied  to 
the  mouth.  We  know  that  the  nervous  mechanism  which  regu-.. 
lates  this  secretion  is  called  a  reflex  act.  The  stimulus  traveling 
from  the  surface  of  the  mouth  to  the  nerve  centers  is  reflected 
thence  to  the  glands.  We  speak,  then,  ol  afferent  nerves,  which 
carry  the  impulses  to  the  nerve-center,  and  efferent  nerves,  which 
carry  them  from  the  center. 

If  we  review  the  ordinary  circumstances  giving  rise  to  a  flow  of 
saliva,  there  will  be  no  difficulty  in  determining  the  nerves  which 
act  as  the  afferent  channels  in  the  simple  reflex  act. 
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Stimulation  of  the  mucous  membrane  of  the  tongue  and 
mouth,  whether  chemically,  as  with  irritating  condiments,  or 
mechanically,  as  by  the  motions  of  mastication,  is  generally 
transmitted  to  the  center  by  the  sensory  branches  of  the  fifth 
cranial  nerve,  which  supply  the  mouth,  and  by  the  branches  of 
the  glosso-pharyngeal. 

The  stimulus  of  the  sense  of  taste  is  sent  by  the  nerves  of  that 
sense,  mainly  the  glosso-pharyngeal,  to  the  taste  center  in  the 
cortex  cerebri,  and  from  thence  to  the  secreting  center  by  means 
of  inter-central  fibers. 

The  stimulation  of  the  olfactory  region  with  certain  odors 
induces  salivation  through  a  channel  of  a  similar  kind  passing 
along  the  olfactory  nerve  to  the  brain,  and  thence  to  the  special 
salivary  center.  Even  in  the  absence  of  taste  or  smell,  mental 
emotion  may  be  excited  by  seeing  or  thinking  of  food,  and  may 
cause  activity  of  the  salivary  glands.  Here  the  inter-central 
channel  is  the  only  one  occupied  in  bearing  the  impulse  to  the 
special  secreting  center. 

Irritation  of  the  gastric  mucous  membrane  stimulates  the 
salivary  glands,  as  may  be  seen  with  a  gastric  fistula,  or  by  the 
sudden  flow  of  saliva  which  commonly  precedes  vomiting.  In 
this  case  the  impulses  are  carried  by  the  gastric  branches  of  the 
vagus. 

The  stimulation  of  the  central  end  of  the  cut  sciatic  is  said  to 
cause  an  intrease  in  the  flow  of  saliva,  so  that  it  would  appear 
that  even  an  ordinary  sensory  nerve  can  excite  the  center  to 
action.  Lastly,  many  drugs,  when  introduced  into  the  blood, 
cause  a  flow  of  saliva;  among  these  are  pilocarpin,  physos- 
tigmin,  and  digitalin,  while  atropin  and  daturin,  on  the  other 
hand,  check  the  action  of  the- glands. 

From  this  we  learn  that  the  nerve-center  controlling  the 
activity  of  the  salivary  glands  receives  impulses  from  many 
distant  and  diverse  sources,  or  may  be  influenced  directly  by 
the  quality  of  the  blood  flowing  through  the  nerve-center  itself. 

The  channels  traversed  by  the  efferent  impulses  going  to  the 
salivary  glands  have  been  demonstrated  by  experiment.  In  the 
case  of  the  submaxillary,  the  route  is  especially  distinct  and 
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instructive,  so  that  from  this  gland  we  obtain  most  of  our  knowl- 
edge concerning  the  direct  influence  of  nerve  impulses  on  the 
gland  cells.  This  question,  therefore,  will  be  treated  somewhat 
in  detail. 

There  are  two  sets  of  nerves  going  to  the  salivary  glands, 
one  belonging  to  the  sympathetic  and  the  other  to  the  cerebro- 
spinal systems,  both  of  which  have  been  proved  to  exert  a  cer- 
tain amount  of  influence  on  the  action  of  the  glands,  the  share 
taken  by  each  apparently  differing  in  different  animals. 

Fig.  69. 


Oiagram  of  Nerves  of  the  Submaxillary  Gland.     The  dark  lines  show  the  course  of  the 
nerves  going  to  the  gland. 

VII,  portio  dura;  v,  inferior  maxillary  division  of  the  fifth  cranial  nerve;  G,  submaxillary 
ganglion  ;  5,  sympathetic  round  facial  artery,  a  ;  s  c  g,  superior  cervical  ganglion. 


The  sympathetic  branches  for  the  submaxillary  and  sublingual 
gland  come  from  the  plexus  which  embraces  the  facial  artery, 
those  for  the  parotid  come  from  the  plexus  surrounding  the 
ititernal  maxillary  as  that  artery  traverses  the" gland.  Both  of 
these  nervous  plexuses  are  derived  from  the  superior  cervical  part 
of  the  sympathetic  chain. 

The  cerebro-spinal  fibers  for  the  submaxillary  and  sublingual 
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glands  lie  in  the  cotnpliex  nerve  known  as  the  chorda-tympani, 
which  comes  from  the  portio  dura  of  the  seventh,  and  joins  the 
lingual  branch  of  the  fifth.  They  pass  through  the  submaxillary 
ganglion  to  the  glands.     (Fig.  69.) 

The  cerebro-spinal  parotid  branches  pass  through  the  lesser 
superficial  petrosal  nerve  from  the  tympanic  plexus  to  the 
otic  ganglion,  and  thence 

to    the    auriculo-temporal  Fio.  70. 

nerve   which  sends    twigs 
to  the  gland.     (Fig.  70.) 

Cerebro-spinal  Stimuli. 
— The  eifects  of  experi- 
mental stimulation  of  the 
cerebro  -  spinal  glandular 
branches  are,  so  far  as  we 
know,  alike  for  all  the 
glands.  But  owing  to  the 
greater  facility  with  which 
the  submaxillary  gland 
can  be  reached  and  its 
nerve  isolated,  research 
has  been  chiefly  devoted 
to  it  by  operating  on  the 
chorda  tympani  and  the 
other  nerves  supplying  the 
glands. 

It  has  been  found  that 
section  of  this  nerve,  or 
of  the  portio  dura  near  its 
origin,  removes  the  pos- 
sibility of  exciting  the 
glands  to  action  by  stimu- 
lating the  mouth,  so  that 

the  cerebro-spinal,  and  not  the  sympathetic,  are  the  channels 
traversed  by  the  reflected  impulse  on  its  way  to  the  gland  from 
the  center. 

The  reflex  stimuli  which  were  supposed  to  be  elicited  through 


Diagram  of  Nerves  supplying  the  Parotid  Gland. 

1  he  darlc  lines  indicate  the  course  of  the  nerves 

of  the  gland. 
V,  inferior  division    of  fifth   nerve  and  its  (a  t1 

auriculo-temporal    branch;    vn,    portio    dura; 

s    c    G,  superior    cervical   ganglion  sending  a 

branch  to  the  carotid  plexus  around  the  artery. 
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"the  medium  of  the  submaxillary  ganglion  probably  depended 
on  the  escape  of  the  stimulating  electric  current  used,  and  the 
reflection  from  a  sporadic  ganglion,  such  as  the  submaxillary,  has 
never  been  satisfactorily  demonstrated. 

It  has  further  been  shown  that  direct  .stimulation  of  the  chorda 
tympani  nerve,  although  it  be  cut  off  from  its  central  connections, 
causes  a  copious  secretion  of  thin,  watery  saliva,  and  this  increased 
secretion  is  accompanied  by  a  great-  dilatation  of  the  small 
arteries  going  to  the  gland,  so  that  a  pulsation  may  be  seen  in 
the  small  veins,  and  the  blood  retains  its  bright  arterial  color 
when  leaving  the  organ. 

These  two  chief  results  of  stimulation,  activity  of  the  secreting, 
cells  and  vascular  dilatation,  are  distributed  by  different  nervous 
agencies,  as  appears  from  the  action  of  atropin,  which  stops  the 
secretion  of  saliva,  but  does  not  prevent  the  dilatation  of  the 
vessels  on  stimulation  of  the  chorda  tympani ;  from  which  we 
conclude  that  its  effect  is  restricted  to  a  mechanism  engaged 
exclusively  in  controlling  the  activity  of  the  gland  cells. 

Stimulation  of  the  chorda  tympani  causes  the  secretion  to  be 
carried  on  with  great  energy.  The  fluid  was  found  to  enter  the 
duct  with  a  pressure  equal  to  200  mm.  (about  8  inches)  of 
mercury,  while  the  blood  pressure  in  the  carotid  artery  of  the 
animal  was  only  112  mm.  (about  4^  inches)  mercury;  that  is 
to  say,  the  force  by  means  of  which  secretion  is  driven  outward 
is  nearly  twice  as  great  as  the  pressure  in  the  blood-vessels  in  the 
gland.  The  secretion  of  saliva  cannot  then  be  a  question  of 
mere  filtration,  for  if  the  physical  agency — pressure — alone  were 
acting,  the  saliva,  if  produced,  would  be  forced  into  the  lymph 
or  blood-vessels  when  the  pressure  in  the  duct  exceeded  that  in 
the  vessels. 

The  force  and  rate  with  which  the  secretion  is  produced  vary 
with  the  strength  of  the  stimulation.  The  flow  of  saliva  steadily 
increases  within  certain  limits  as  the  stimulus  gets  stronger.  It  is 
not  only  the  quantity  of  the  secretion  that  depends  on  the  amount 
of  nerve  impulse,  but  also  its  quality ;  that  is  to  say,  with  a 
fresh  gland,  not  wearied  by  previous  experiment,  the  amount  of 
solids  in  the  saliva  increases  as  the  stimulus  is  increased,  so  that 
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not  only  is  the  activity  of  the  gland  cells  under  the  control  of 
nerve  influence,  but  the  kind  of  work  they  perform  is  also 
regulated  by  the  intensity  of  nerve  impulse  they  receive. 

It  has  been  found  that  the  increase  in  the  blood  flow  is  only 
associated  with  the  secretion  called  forth  by'stimulation  of  the 
chorda  tympani.  This  is  shown  by  the  fact  that  even  when  the 
blood  supply  is  cut  off  by  any  means  (strong  sympathetic  stimu- 
lation, ligature  of  the  vessels,  or  even  decapitation)  an  amount 
of  saliva  can  be  made  to  flow  from  the  gland  which  could  only 
have  been  stored  up  in  its  cells  prior  to  the  stimulation  of  this 
nerve. 

Sympathetic  Stimuli. — With  regard  to  the  influence  exerted  by 
the  sympathetic  branches,  the  most  obvious  result  of  stimulation 
of  these  is  a  contraction  in  the  arterioles,  and  a  consequent 
diminution  of  the  amount  of  blood  flowing  through  the 
gland.  The  glands  look  pale,  and  the  blood  leaving  them  is 
intensely  venous  in  character;  the  exact  opposite,  in  fact,  to 
the  result  obtained  by  stimulation  of  the  cerebro-spinal  nerves. 
But  the  sympathetic  has  also  an  effect  on  the  gland  cells,  as  it 
produces  an  increased  flow  of  saliva.  In  the  dog  the  secretion 
of  "  sympathetic  saliva  "  is  only  temporary  and  scanty,  having 
high  specific  gravity,  and  being  overloaded  with  the  solids. 
In  the  cat  and  rabbit  "sympathetic  saliva"  is  scanty,  and  not 
thicker  than  the  "chorda  saliva"  of  the  same  animal.  So  far 
as  regards  the  blood-vessels,  the  chorda  is  directly  opposed  to 
the  sympathetic.  To  explain  this  antagonism,  we  may  either 
assume  the  existence  of  local  nerve  centers  governing  the 
muscular  coats  of  the  arterioles,  and  suppose  that  the  sym- 
pathetic stimulates  and  the  chorda  inhibits  the  activity  of 
these  centers,  or,  what  seems  more  simple,  in  the  absence  of 
anatomical  evidence  that  such  a  center  exists,  we  may  attribute 
to  the  arterial  muscle  cells  themselves  an  automatic  tonic  power 
of  contraction  which  can  be  increased  by  the  sympathetic  and 
diminished  by  the  chorda  tympani.  It  is  singular  that  if  all 
the  secretory  nerves  leading  to  the  gland  be  cut,  a  copious 
secretion  of  watery  saliva  begins  after  some  hours,  and  lasts  for 
some  weeks,  after  which  the  cells  undergo  atrophic  changes, 
14 
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and  the  gland  becomes  reduced  in  size.     The  explanation 
the  appearance  of  this  so-called  "  paralytic  saliva  "  is  not  clear 
made  out.     Possibly  the  removal  of  some  trophic  nerve-ihfl 
ences  induces  abnormal  nutritive  changes  which  cause  stimul 
tion  of  the  cells,  and  ultimately  lead  to  their  degeneration. 

Histological  Changes. — The  histological  investigation  of  tl 
elements  of  these  glands  in  the  various  stages  of  secretic 
throws  considerable  light  on  the  behavior  of  the  cells  durii 
their  periods  of  activity  and  rest. 

It  is  now  certain  that  the  different  stages  are  accompani( 
by  constant  structural  changes  in  the  cells,  which  doubtless  a 
intimately  connected  with  secretory  activity.  During  tl 
period  of  rest,  that  is,  the  time  when  the  gland  is  not  dischar 
ing  its  secretion,  the  cells  slowly  undergo  a  change  in  the 
appearance,  which  is  the  more  obvious  in  proportion  to  tl 
ease  with  which  the  material  they  secrete  is  recognized  in  tl 
protoplasm.  Thus,  in  mucous  glands,  or  in  mucus-yieldir 
salivary  glands,  the  changes  are  conspicuous ;  whilst  in  tho: 
which  give  a  watery  secretion  they  are  less  easily  seen. 

As  an  example,  we  may  take  a  mucous  gland,  such  as  tl 
orbital  gland  of  the  dog,  and  follow  the  changes  which  occi 
in  one  of  its  cells,  during  the  period  which  may  be  called  i 
cycle  of  activity.     (Fig.  71.) 

Immediately  after  the  prolonged  and  active  discharge  of  tl 
secretion  of  the  gland,  the  cells  have  all  the  characters 
ordinary  protoplasmic  units,  and  the  distinction  between  tl 
polygonal  cells  and  those  next  the  wall  of  the  acinus  (den: 
lutie  cells)  is  made  out  with  great  difficulty,  because  all  the  eel 
stain  evenly  with  carmine,  and  have  no  special  characters,  exce 
those  belonging  to  active  protoplasm. 

During  rest  certain  changes  gradually  appear  in  those  glani 
cells  which  are  next  the  lumen  of  the  saccule.  They  appear 
swell  toward  the  lumen,  and  at  the  same  time  become  clear  at 
resist  staining  with  carmine,  their  protoplasm  becoming  impre 
nated  with  mucus-like  material  (mucinogen),  while  the  demilui 
cells  remain  protoplasmic  and  stain  easily,  and  are  there] 
readily  distinguished  from  the  cell  in  the  cavity  of  the  saccule 
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If  the  discharge  of  secretion  be  induced  either  by  normal 
reflex  excitation,  or  by  direct  stimulus  of  the  chorda  tympani 


Sections  of  Orbital  Giand  of  the  Dog.    {Heidenhain.) 
A,  after  prolonged  period  of  rest;    b,  after  a  period  of  activity.     In  A  the  secreting  cells 
are  clear,  being  swollen  up  with  mucigen,  and  the  half  moon  cells  are  very  distinct  and 
darkly  stained.     In  b  the  accumulated  material  has  been  discharged  from  the  cells,  and 
the  alveoli  are  shrunken. 


nerve,  the  cells  discharge  the  contained  specific  material,  some 
of  them  probably  being  destroyed  by  the  act.     If  the  active 
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secretion  be  continued  for  some  time,  the  cells  return  to  their 
former  protoplasmic  state,  and  those  which  have  been  worn  out 
are  replaced  by  others  from  the  demilune  or  marginal  cells. 

In  the  glands  which  do  not  produce  any  mucus  the  brilliant 
look  of  the  cells  after  rest  is  wanting,  but  a  corresponding 
change  occui-s.  The  secreting  protoplasm  becomes  extremely 
granular  during  the  resting  period,  and  again  clear  after  the 
discharge  of  the  secretion.     (Fig.  72.) 

Thus  it  would  appear  that  during  the  so-called  period  of  rest, 
when  little  or  no  fluid  is  poured  into  the  duct,  the  gland-cells 
are  busy  at  their  manufacturing  process,  diligently  adding  to 

Fig.  72. 


Cells  of  the  Alveoli  of  a  Serous  or  Watery  Salivai-y  Gland,     i^lM-ngley.) 
A,  after  rest;    b,  after  a  short  period  of  activity;  c,  after  a  prolonged  period  of  activity. 


their  stock  in  hand,  in  order  to  be  ready  for  a  sudden  demand 
which  they  could  not  meet  by  merely  concurrent  work. 
To  sum  up,  then,  we  may  conclude : — 
I.       That  the  manufacture  of  the  specific  materials  of  the 
secretion  is  accomplished  as  the  result  of  the  intrinsic 
power  of  the  protoplasm  of  the  gland  cells. 
II.       That  a  vital  process  is  called  forth  in  the  gland  cells 
by  the    action    of    nerve   impulses,   because     (i)  The 
force  with  which  the   secretion    is  expelled  cannot  be 
accounted  for  by  the  blood  pressure.     (2)  The  quantity 
and  quality  of  the  secretion  is  modified  by  the  intensity 
of  the  nerve  stimulation.     (3)  The  temperature  of  the 
blood  is  raised.     (4)  Structural  changes  in  the  cells  can 
be  observed. 
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III.  The  normal  stimulus  to  secretion  passes  from  the  center 
in  the  medulla  oblongata  to  the  salivary  glands,  along 
cerebro-spinal  nerves. 

IV.  This  center  for  salivary  secretion,  which  at  ordinary 
times  is  moderately  active,  may  be  excited  to  energetic 
action  by  impulses  coming  from  taste,  smell,  and  ordinary 
sensory  nerve  terminals  (particularly  in  the  mouth),  as 
well  as  by  those  which  emanate  from  mental  emotions. 

Changes  Undergone  by  Food  in  the  Mouth. 
Food  when  taken  into  the  mouth  undergoes  two  processes, 
which  are  inseparable  and  simultaneous  in  action;  viz.,  mas- 
tication and  insalivation. 

1.  Mechanical. — The  mechanism  of  mastication  has  already 
been  discussed,  so  far  as  its  triturating  power  is  concerned.  In 
its  final  object  of  forming  the  subdivided  food  into  a  bolus 
which  can  be  easily  swallowed,  it  is  much  aided  by  insalivation, 
particularly  in  chewing  dry  food ;  and  in  this  latter,  the 
moistening  of  the  particles,  so  as  to  make  them  adhere 
together,  is  the  most  necessary  act  of  mouth  digestion,  and  is 
next  in  importance  to  the  subdivision  accomplished  by  the  teeth. 
The  saliva,  also,  covers  the  bolus  with  a  coating  of  viscid  fluid, 
so  that  it  can  be  more  easily  propelled  down  the  esophagus. 
Deglutition  of  solids  is  difficult  without  an  adequate  supply  of 
saliva. 

While  in  the  mouth  the  saliva  dissolves  a  great  quantity  of  the 
more  readily  soluble  materials,  such  as  sugar  and  salt,  which 
may  be  either  mingled  with  the  insoluble  substances,  and 
swallowed  together  with  the  bolus,  or  separately  in  a  fluid  form. 
Solution,  then,  is  an  important  item  in  mouth  digestion. 

2.  Chemical. — In  many  carnivorous  animals  the  use  of  the 
mouth-fluid  is  chiefly  mechanical,  dissolving  some  insignificant 
part  of  the  food,  and  aiding  mastication  and  deglutition.  In 
man,  however,  and  other  animals  that  make  use  of  much  vege- 
table food,  it  has  a  chemical  function,  and  acts  on  the  insoluble 
starch,  converting  it  into  soluble  sugar. 

The  active  principle  which  brings  about  this  change  is  Ptyalin. 
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This  is  one  of  a  series  oti  ferments  to  which  most  of  the  chemica 
changes  in  digestion  are  due. 

As  a  group  they  are  remarkable  for  the  following  characters  ir 
which  they  differ  from  most  chemical  agents :  (i)  They  effeci 
alterations  in  the  substances  on  which  they  act,  while  they  them 
selves  do  not  undergo  any  perceptible  change  or  diminution, 
(2)  They  exist  in  such  small  quantities  that  as  a  rule  theii 
presence  can  only  be  shown  by  the  effects  they  produce.  (3" 
They  are  most  active  at  the  body  temperature,  but  are  "  killed  ' 
by  about  that  at  which  albumin  coagulates. 

Ptyalin  acts  on  starch,  and  hence  is  spoken  of  as  an  amylolytie 
ferment ;  its  action  consists  in  causing  the  starch  to  unite  chem 
ically  with  successive  molecules  of  water. 

The  following  equations  represent  the  changes  that  probablj 
occur : — 

(C6H,„05)„      +  H,0  =  (C,H,„05)„_,  +  Ci,H,Ai 

Starch.  Dextrin.  Maltose. 

(CeH,„05)„_,  +  HP  =  (qH,„0,)n-,  +  C„H,,Ou 

Dextrin.  Maltose. 

(CeHioOs)^-.  +  H,0  =  (CeH,„0,)"-o  +  Ci,H,Ai 
Dextrin.  Maltose. 

***** 


(CeHioOs),      +  H,0  =  C„H,,0„ 

Maltose. 


Maltose. 

During  this  process,  which  is  termed  hydrolysis,  and  takes  a 
the  least  a  few  minutes  to  complete,  various  stages  can  thus  b( 
detected  :  first,  substances  are  formed  which  together  are  com 
monly  spoken  of  as  dextrins ;  those  with  the  higher  molecula 
forniulse  are  called  erythro-dextrins,  because  they  give  a  re( 
color  with  iodin,,  and  the  others  with  the  lower  molecular  formu 
Ise  are  called  achroodextrins,  because  they  give  no  color  witl 
iodin. 

The  sugar  thus  formed  is  maltose,  and  belongs  to  the  groii] 
of  saccharoses.  It  is  a  reducing  sugar,  giving  the  reaction 
described  page  88.  Experiments  may  be  carried  out  with  saliv 
obtained  directly  from  any  of  the  glands,  but  the  mixture  of  th 
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secretions  of  all  is  found  to  be  more  efEcacious  than  that  of  any 
single  one.  The  ordinary  mouth-fluid  filtered  serves  well  for 
ordinary  experiments. 

An  effective  glycerin  solution  of  ptyalin  may  be  obtained  by 
steeping  chopped  salivary  glands  in  alcohol,  and  then  extracting 
for  some  days  with  glycerin  and  water. 

The  following  facts  must  be  borne  in  mirid  concerning  the 
amylolytic  action  of  ptyalin  : 

*i.  The  extremely  small  amount  of  the  ferment  required  to 

make  the  fluid  effective. 
*2.  There  is  no  appreciable  diminution  in  the  amount  of  fer- 
ment, so  that  it  cannot  be  said  to  be  used  up  in  the 
process. 
3.  The  action  takes  place  most  readily  in  alkaline  solutions, 
such  as  the  saliva,  slowly  in  neutral  solution,  and  not  at 
all  in  acids  of  the  strength  of .  2  per  cent,  of  hydrochloric 
acid. 
*4.  Temperature  has  a  marked  effect  on  the  process.     Cold 
(0°  C.)  quite  checks  the  action  ;  heat  (75°  C.)  destroys 
the  power  of  the  ferment,  which  is  most  active  at  the 
body  temperature  (35  "-40°  C). 
*5.  Strong  acids  or  alkalies  destroy  the  hydrolytic  power  of 
the  ferment. 

6.  The  ferment  has  no  effect  on  raw  starch,  its   cellulose 

coating  protecting  it ;  but  it  acts  rapidly  on  well-boiled 
starch,  in  which  this  coating  is  burst. 

7.  Ptyalin  is  more  active  in  weak  starch  solutions,  and  is 

much  impeded  in  its  action  by  an  accumulation  of 
sugar. 

To  recapitulate,  we  find  that  the  following  changes  take  place 
in  the  rnouth: — 

(i)  Solid  food  is,  or  should  be,  finely  subdivided ;  (2)  dry 
food  is  moistened,  (3)  rolled  into  a  bolus,  (4)  and  lubri- 
cated ;  (5)  the  soluble  part  is  dissolved,  and  rendered 
capable  of  being  tasted ;  (6)  and  part  of  the  indiffusible 

*  The  paragraphs  marked  thus  are  applicable  to  all  digestive  ferments. 
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Starch  is  converted  into  soluble  diflfusible  sugar  by  the 
action  of  a  ferment  called  pytalin. 
In  the  short  time  occupied  by  the  passage  of  food  through  the 
esophagus  no  special  change  takes  place  in  it,  so  we  may  pass  at 
once  to  the  gastric  digestion,  which  will  occupy  the  next  chap- 
ter. 
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CHAPTER  Vlir. 
STOMACH  DIGESTION. 

Structure  of  the  Mucous  Membrane. 

The  surface  of  the  stomach  is  covered  by  a  single  layer  of  cy- 
indrical  epithelial  cells,  which  also  line  the  orifices  of  the  numer- 
Dus  glands  with  which  the  mucous  membrane  is  thickly  studded. 
This  single  layer  of  cylindrical  cells  commences  abruptly  at  the 
;ardiac  orifice  of  the  stomach,  and  is  marked  off  from  the  strati- 
ied  squamous  cells  lining  the  esophagus  by  a  sharp  line  of  de- 
narcation. 

The  glands  of  the  stomach  are  tubes  which  often  divide  into 
wo  or  three  branches.  The  conical  orifice  is  covered  with  the 
;ylindrical  epithelium  common  to  the  surface  of  the  stomach,  and 
he  fundus  is  filled  with  specific  glandular  cells.  The  glands  dip 
iown  to  the  delicate  submucous  tissue,  the  branching  tubes  lying 
)arallel  and  close  to  each  other.  A  dense  network  of  capillary 
)lood-vessels  may  be  demonstrated,  by  injection,  to  surround  the 
ubes,  and  closely  invest  the  thin  basement  membrane  which 
brms  the  boundary  of  the  glands  and  the  basis  of  attachment  of 
he  glandular  cells.  A  close-meshed  network  of  absorbent  ves- 
els  also  surrounds  the  tubules  of  the  glands,  and  leads  to  the 
arger  vessels  in  the  submucous  tissue. 

In  the  cardiac  end  of  the  stomach  of  most  animals,  glands  are 
bund  {cardiac  glands)  with  two  distinct  kinds  of  cells  in  the 
leeper  part  of  the  gland  tubes.  Much  the  more  numerous  are 
mall,  pale  spherical  cells,  which  occupy  the  lumen  of  the  gland 
nd  form  the  regular  cell  lining  of  its  cavity.  These  cells  have 
leen  called  the  "chief  cells"  (Hauptzellen),  "central"  or  spher- 
cal  cells. 

The  cells  of  the  other  form  are  comparatively  few,  being  alto- 
;ether  wanting  in  some  of  the  glands.  They  are  larger  and  more 
triking  than  the  central  or  spherical  cells,  between  which  and 
15 
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the  basement  membrane  they  lie  scattered  here  and  there  ov 
the  fundus  of  the  gland,  making  the  delicate  membrane  bulg 
They  stain  more  easily,  and  have  darker  granules  than  the  ce 
tral  cells.  On  account  of  their  position  they  have  been  calli 
"parietal,"  "  marginal  or  border  cells  "  (Belegzellen);  from  the 
producing  acid  they  have  been  named  "oxyniic,"  and  from  the 
oval  shape,  ovoid  cells.     (See  Fig.  73.) 

Fig.  73. 


Diagram  showing  the  Relation  of  the  Ultimate  Twigs  of  the  Blood-vessels,  v  and  a,  and  of 
absorbent  radicals.  L.  to  the  glands  of  the  stomach,  and  the  different  kinds  of  epithelit 
viz.,  above  cylindrical  .cells  ;  small  pale  cells  in  the  lumen,  outside  which  are  the  d: 
ovoid  cells. 


There  is  a  different  class  of  gastric  glands,  called  pylor. 
because  they  are  found  chiefly  near  the  pyloric  end  of  t 
stomach,  in  which — in  addition  to  the  cylindrical  epitheliu 
covering  the  surface  of  the  stomach,  and  dipping  into  t 
conical  orifices  which  lead  to  the  glands — there  is  but  one  kii 
of  cells  in  the  fundus.  These  are  spherical  like  the  central  ce 
of  the  other  glands. 
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Experimental  research  shows  decisively  that  the  anatomical 
dififerences  denote  differences  of  function  as  regards  the  produc- 
tion of  acid,  which  is  only  produced  at  the  cardiac  end  of  the 
stomach.  The  pepsin  is  produced  in  the  pyloric  as  well  as  in 
the  cardiac  part. 

The  difference  between  the  two  kinds  of  glands  found  in  the 
stomach,  both  as  regards  their  distribution  and  way  of  branching, 
and  the  cells  which  line  the  deeper  parts  of  the  tubes,  is  found 
to  vary  in  different  animals.  The  difficulty  of  obtaining  fresh 
specimens  of  the  human  stomach  makes  it  still  uncertain  whether 
the  same  differences  exist  in  the  human  subject.  The  varieties  of 
opinion  and  drawings  published  suggest  that  various  stages  of 
gradation  from  one  kind  of  gland  to  another  are  met  with  in  the 
stomach  of  even  the  same  animal. 

The  central  cells  of  these  glands  undergo  changes  similar  to 
those  that  occur  in  the  salivary  glands  during  the  different  phases 
of  secretion.  When  the  secretion  is  not  being  poured  out — i.e. 
when  the  gland  is  said  to  be  at  rest — the  cells  gradually  swell, 
becoming 'loaded  with  granules  which  stain  darkly  with  osmic 
acid.  When  the  gland  is  actively  pouring  out  its  secretion  these 
granules  pass  toward  the  free  margin  of  the  cells,  where  they 
remain,  if  they  do  not  escape  as  secretion  and  disappear  into 
the  lumen  of  the  gland.  The  parietal  cells  increase  in  size 
during  the  so-called  resting  period  and  decrease  during  the 
active  stage  of  secretion. 

Characters  of  Gastric  Juice. 
The  gastric  juice  is  a  clear,  colorless  fluid  with  strongly  acid 
reaction.  It  contains  .5  per  cent,  of  solids,  its  specific  gravity 
being  1002.  The  amount  secreted  in  the  day  is  extremely 
variable,  and  depends  upon  the  quantity  and  character  of  the 
food ;  in  well-fed  dogs  it  has  been  estimated  to  be  one-tenth  of 
the  body  weight. 
It  contains : — 

I.  About  .2  per  cent,  of  free  hydrochloric  acid  in  man,  but 
in  the  dog  considerably  more.  The  lactic,  formic, 
butyric,  and  other  acids  which  have  been  found  in  the 
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gastric  juice  probably  depend  on  the  fermentation  of 
some  of  the  ingesta.  The  HCl  is  sometimes  deficient,  its 
absence  causing  one  form  of  dyspepsia. 

2.  Pepsin,  the  specific  substance  which  gives  the  gastric  juice 

its  digestive  qualities,  is  a  nitrogenous  ferment  which, 
with  the  foregoing  acid,  acts  on  proteids.  About  .3  per 
cent,  is  present  in  the  secretion  of  the  human  stomach. 
Its  presence  is  constant  even  in  disease. 

3.  Associated  with  the  pepsin  are  other  less-known  ferments, 

one  of  which,  rennin,  curdles  milk  in  the  presence  or 
absence  of  any  free  acid. 

4.  A  variable  quantity  of  mucus,  probably  abnormal,  may  be 

found  in  the  secretion  of  the  stomach. 

5.  It  contains  .2  per  cent,  of  inorganic  salts,  chiefly  chlorids 

of  sodium,  potassium  and  calcium. 

Method  of  Obtaining  Gastric  Secretion. — Formerly 
attempts  were  made  to  obtain  gastric  juice  by  inducing  a  dog, 
while  fasting,  to  swallow  a  sponge,  and  withdrawing  it  when 
saturated  with  the  gastric  secretion  ;  or  a  fasting  dog,  allowed  to 
swallow  insoluble  materials,  was  killed,  and  the  secretion  col- 
lected from  the  stomach. 

It  is  best  obtained  directly  from  a  fistulous  opening  in  the 
abdominal  wall  communicating  with  the  stomach.  A  gastric 
fistula  was  first  made  accidentally  in  a  man,  by  injury.  A  case 
in  which  the  surgical  treatment  of  a  gunshot  wound  of  the, 
stomach  left  a  permanent  fistula,  allowed  the  gastric  secretion 
to  be  carefully  investigated,  and  proved  a  valuable  subject  for 
experimental  research. 

It  is  not  a  difficult  matter  to  reach  the  stomach  by  making  an 
artificial  opening  through  the  wall  of  the  abdomen,  and  having 
brought  the  serous  surface  of  the  gastric  wall  into  firm  connec- 
tion with  the  serous  lining  of  the  abdominal  wall,  to  open  the 
stomach.  The  juxtaposition  of  the  parts,  as  well  as  the  patency 
of  the  fistula,  can  be  secured  by  a  suitable  flanged  cannula  closed 
with  a  well-fitting  cork.  By  removing  the  cork  the  gastric  juice 
may  be  obtained  in  small  quantities,  and  various  kinds  of  food 
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may  be  introduced  through  the  cannula,  and  the  changes  occur- 
ring in  them  studied. 

For  experimental  purposes  an  artificial  gastric  juice  may  be 
used.  This  can  be  made  from  the  gastric  mucous  membrane 
of  an  animal  (pig)  by  extracting  the  pepsin  from  the  finely 
divided  glandular  membrane,  with  a  weak  acid  (less  than  .  2  per 
cent.)  or  better  with  a  large  quantity,  of  glycerin,  and  sub- 
sequently adding  HCl  to  the  extent  of  .2  per  cent.  The  effects 
of  such  a  fluid  cannot  be  distinguished  from  those  of  natural 
gastric  juice. 

Mode  of  Secretion. 

The  gastric  juice  is  not  secreted  in  large  quantity  when  the 
stomach  is  empty,  but  only  when  the  mucous  membrane  is 
irritated  with  some  chemical  or  mechanical  stimulus.  The 
swallowing  of  alkaline  saliva  acts  as  a  gentle  stimulus  and  causes 
secretion,  so  that  the  surface  of  the  stomach  becomes  acid. 
When  the  lining  membrane  of  the  stomach  is  mechanically 
stimulated  through  a  fistula  it  becomes  red,  and  drops  of  secre- 
tion appear  at  the  point  of  stimulation,  but  the  amount  of 
secretion  thus  produced  is  very  scanty  when  compared  with 
that  called  forth  by  chemical  irritants. 

Thus  ether,  alcohol,  and  pungent  condiments  produce  copious 
secretion.  Weak  alkaline  solutions  also  cause  secretion,  but  the 
most  perfect  form. of  stimulant  seems  to  be  a  mass  of  food  satu- 
rated with  the  alkaline  saliva. 

It  appears  probable  that  the- chief  secretory  activity  resides 
in  the  small  central  cells,  and  not  in  the  large  ovoid  border-cells, 
since  less  distinct  changes  can  be  seen  in  the  latter,  and  the 
smaller  gland-cells  seem  to  contain  the  pepsinogen,  for  if  the 
mucous  membrane  be  treated  with  weak  hydrochloric  acid, 
these  central  gland-cells  are  rapidly  dissolved  by  a  process  of 
digestion,  while  the  border-cells  simply  swell  up  and  become 
more  transparent. 

The  granules  above  referred  to  as  "being  passed  out  from  the 
cells  when  the  gland  is  secreting,  are  supposed  to  be  the  material 
that  gives  rise  to  the  pepsinogen,  or  mother  ferment,  oi  pepsin. 
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The  acid  is  found  only  on  the  surface  of  the  stomach  in  th 
mouths  of  the  glands.  The  mode  of  its  production  seem 
distinct  from  that  of  pepsin,  but  is  not  well  understood.  It  i 
thought  probable  that  the  HCl  is  the  outcome  of  "mass-infiu 
ence"  of  weak  acids  upon  salt.  The  COj  and  lactic  acid 
being  present  in  such  large  quantities,  are  able  to  rob  the  NaC 
of  some  of  its  base,  and  make  some  free  HCl  appear.  I 
was  thought  possible  that  the  surface  epithelial  cells  stor 
up  in  their  protoplasm  and  render  inert  the  small  quantitie 
of  HCl  which  are  constantly  being  set  free  from  the  NaCl 
The  amount  of  HCl  thus  slowly  accumulated  in  time  become 
considerable  and  is  discharged  by  the  cells  at  appropriat 
periods. 

Although  the  fact  that  the  deeper  part  of  the  glands  do  no 
give  an  acid  reaction,  while  the  neck  and  orifices  of  the  glaiK 
are  distinctly  acid,  would  support  the  former  view,  there  i 
some  reason  for  believing  that  the  manufacture  of  acid  fror 
the  alkaline  blood  is  really  an  active  process  carried  out  by  som 
of  the  glandular  cells. 

It  has  been  suggested  that  the  cell  elements  which  produce  th 
acid  are  the  ovoid  border-cells,  from  whence  it  rapidly  passes  ti 
the  orifice  of  the  glands.  This  view  is  supported  by  the  alka 
linity  of  the  pyloric  end  of  the  stomach  where  the  border-cell 
are  not  found.  In  some  animals  the  distinct  distribution  of  th 
different  cell  elements  and  the  accompanying  reaction  of  th 
secretion  are  well  marked. 

In  all  probability  the  secretion  of  the  gastric  juice  is  unde 
the  control  of  a  special  nerve  mechanism,  and  the  way  in  whic 
the  state  of  activity  follows  stimulation  of  the  part  seems  t 
point  to  its  being  a  simple  reflex  act.  However,  the  nervou 
connections  (vagi  and  splanchnics)  between  the  stomach  an^ 
central  nervous  system  may  all  be  severed  without  any  markei 
effect  on  the  secretion,  other  than  that  which  would  naturall 
follow  the  changes  in  the  amount  of  blood  supply,  which  c 
course  is  greatly  altered  by  cutting  the  vaso-motor  nerves — th 
splanchnics.  Whether  this  be  so  or  not,  there  must  be  som 
connection  with  the  nerve-centers,  for  sudden  emotions  chec 
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the  secretions,  and  the  sensations  caused  by  the  sight  or  smell  of 
food  give  rise  to  gastric  secretion. 

It  has  been  suggested  that  Meissner's  sub-mucous  ganglionic 
network  may  act  as  a  reflex  center  and  regulate  the  secretion. 
But  as  the  reflection  from  local  ganglionic  centers  has  not  yet  been 
definitely  demonstrated,  we  are  hardly  entitled  to  assume  that  it 
occurs  here,  and  since  the  stimulus  comes  into  close  contiguity 
with  the  secreting  cells,  it  seems  quite  as  probable  that  these  ele- 
ments are  excited  to  activity  by  direct  stimulation  of  their  proto- 
plasm. 

Action  of  the  Gastric  Juice. 

The  gastric  juice  has  in  the  absence  of  mucus  no  effect  on 
the  carbohydrates,  and  probably  the  amylolytic  fermentation 
set  up  by  the  saliva  is  impeded,  if  not  completely  checked,  by 
the  free  acid  in  the  stomach  as  soon  as  the  bolus  is  completely 
moistened  by  the  gastric  fluid. 

On  Fats. — Fats  are  not  affected  by  the  gastric  juice,  but  are 
simply  melted  by  the  warmth  of  the  stomach. 

On  Proteids. — Upon  the  albuminous  bodies  gastric  digestion 
produces  a  marked  effect.  The  proteids  being  colloid  bodies, 
cannot  readily  pass  through  an  animal  membrane  by  the  process 
called  dialysis  ;  it  has  therefore  been  assumed  that  they  cannot 
be  absorbed  through  the  lining  membrane  of  the  stomach.  They 
are  often  eaten  in  an  insoluble  form.  To  convert  the  insoluble 
and  indiffasible  albumins  into  a  soluble  and  diff'usible  substance 
would  obviously  be  a  great  step  toward  their  absorption.  This 
power  is  possessed  by  the  gastric  juice.  The  steps  of  the  process 
may  be  accurately  followed  in  a  suitable  glass  vessel,  irrespective 
of  the  stomach,  by  using  artificial  gastric  juice,  and  attending  to 
the  various  conditions  necessary  for  its  action.  The  power  of 
artificial  gastric  juice  carefully  prepared  from  the  mucous  mem- 
brane of  an  animal's  stomach  differs  in  no  essential  respect  from 
that  of  the  natural  secretion  in  the  stomach,  if  all  the  circum- 
stances which  aid  the  action  of  the  gastric  ferments  be  applied 
in  the  experiment.  This  action  consists  in  a  conversion  of 
proteids  into  the  peculiar,  soluble  and  more -diffusible  forms 
known  »&  proteoses  2X^6,  peptones. 
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The  term  proteose  is  now  used  to  comprise  the  class  of  sub 
stances  derived  from  the  various  proteids  in  the  earlier  stage 
of  their  hydrolysis,  and  thus  includes  albumoses,  caseoses 
myosinoses,  etc.,  (see  page  68). 

Shortly  after  the  introduction  of  a  proteid,  such  as  fibrin,  inti 
gastric  fluid  at  the  temperature  of  the  body,  the  masses  of  fibril 
swell  up,  become  transparent,  and  eventually  are  easily  shakei 
to  pieces  and  dissolved. 

The  pepsin  by  itself  cannot  convert  proteid  into  albumose  o 
peptone,  as  may  be  seen  in  the  want  of  efficacy  of  a  neutra 
solution  of  pepsin,  in  which  no  albumose  is  formed.  In  othe 
words,  pepsin  solution  can  only  change  proteids  into  albumos 
by  the  aid  of  the  acid.  It  would  appear  probable,  howevei 
that  it  possesses  this  property  to  an  unlimited  extent,  since  i 
undergoes  no  change  itself,  and  with  fresh  supplies  of  acid 
very  minute  quantity  of  pepsin  can  convert  an  indefinite  amoun 
of  proteid  into  albumose. 

The  change  brought  about  in  proteids  by  the  gastric  juic 
is  now  known  to  be  very  complex,  consisting  of  a  series  c 
stages  of  hydration.  The  ultimate  step  in  this  process,  viz, 
the  formation  of  peptone,  is  not  essential  or  even  generj 
in  the  stomach "  digestion.  The  bulk  of  the  proteid  onl 
reaches  the  albumose  stage,  and  is  probably  absorbed  as  such 

The  albumin  passes  through  stages  in  which  can  be  recognize 
some  acid  albumin  and  the  following  substances: — 

I.  Primary  Albumoses  are  not  coagulated  by  boiling,  but  at 
precipitated  by  the  addition  of  MgSO^  to  saturation.  The 
differ  from  acid  albumin  by  {a)  being  soluble  in  neutral  soli 
tions;  (i?)  by  giving  the  biuret  reaction — a  rose  color  after  add 
tion  of  a  trace  of  CuSO^  and  KOH  to  excess; — and  (J)  givin 
on  the  addition  of  a  drop  of  strong  HNO3  a  precipitate  whic 
dissolves  on  heating  and  reappears  on  cooling. 

II.  Secondary  Albumoses,  which  are  also  not  coagulated  I 
boiling,  further  agree  with  the  primary  in  showing  their  la 
three  characteristics,  but  differ  from  them  in  not  being  precip 
tated  by  saturation  with  MgSO^.  On  the  other  hand,  they  ai 
precipitated  by  saturation  with  (NH4)2S04. 
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III.  Peptones,  which  are  very  soluble  in  hot  and  cold  water, 
ind  give  the  biuret  reaction,  but  do  not  give  the  HNO3  test, 
lor  are  they  precipitated  either  by  MgSO,  or  (NH4)2S04  to 
laturation. 

The  following  table  shows  the  general  plan  of  the  changes 
)ccurring  in  gastric  digestion  in  proteid,  albumin  being  taken  as 
he  type.  Globulin,  casein,  myosin,  etc.,  pass  through  similar 
itages,  the  steps  being  globuloses,  caseoses,  myosinoses,  etc. 

(The  acid  albumin  is  omitted  for  brevity.) 
Pptd.  at  about  75°  C.  j  Albumins 


5ol.  in  hot 
and  cold 

water, 
and  give 
he  biuret 
reaction. 


Give 
UNO,. 


Primary  Albumoses pptd.  by  MgSOj. 


reaction.   I    Secondary  Albumoses,     .    .   <     .    /;     ',-k?i:i  \  o<-.  * 
I  ^  \    but  by  (NHJ^SOj. 


Give  no 

HNO3 

reaction. 


pi  f  no  ppt.  vfith  either 

^^P'°°*' t  MgSOiOr(NHJ,SO,. 


The"  rapidity  with  which  proteid  is  converted  varies  according 

0  the  circumstances  under  which  it  is  placed  as  well  as  the 

cind  of  proteid  used.     If  the  same  proteid  be  used  the  foUow- 

ng  circumstances  will  be  found  to  influence  the  rapidity  of  the 

jrocess : — 

r.  The  temperature.     As  already  stated,  the  optimum  degree 

of  heat  for  the  change  is  somewhat  above  that  of  the 

body,  4o°-5o°  C. 

The  activity  of  the  gastric  juice  diminishes  when  the 
temperature  rises  above  or  falls  below  this  standard. 
The  minimum  at  which  it  is  capable  of  producing  any 
effect  is  about  1°  C.  and  the  maximum  is  below  70°  C. 
Boiling  permanently  destroys  the  function  of  pepsin. 
2.  The  percentage  of  acid,  as  well  as  the  kind  of  acid,  has  a 
marked  eff'ect.  Though  the  action  will  go  on  with  other 
acids,  hydrochloric,  .2  per  cent.,  is  the  most  effective. 
Hence  digestion  is  impeded  by  voluminous  food  or 
copious  drinks  during  meals.  The  acidity  tasted  by 
dyspeptics  is  due  to  the  acid  of  fermentation. 
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3.  A  condensed   solution  of  albumoses,   peptones,   or   large 

quantities  of  salts  in  solution  impede  the  action,  a  certain 
degree  of  dilution  being  necessary  for  the  process.  In 
strong  solutions  of  proteid,  the  peptones  must  be  removed 
by  dialysis  in  order  to  allow  of  the  continuance  of  the 
action.  This  occurs  in  the  stomach  by^  means  of  the 
blood  and  absorbent  vessels. 

4.  The  degree  of  subdivision  to  which  the  proteid  has  been 

subjected  materially  influences  the  rapidity  of  its  conver- 
sion into  peptone.  The  more  finely  subdivided  the  sub- 
stance the  greater  will  be  the  relative  extent  of  surface 
exposed  to  the  action  of  the  digestive  fluids.  When 
large  masses  of  coagulated  albumen,  such  as  boiled  white 
of  egg,  are  introduced  into  the  stomach,  the  gastric  fluid 
cannot  reach  the  central  portions,  and  their  digestion 
must  await  the  completion  of  that  of  the  exterior  part. 

5.  Motion  aids  the  action  of  the  foregoing  factors. 

AH  these  requisites  are  present  during  normal  digestion.  The 
temperature  of  the  stomach  is  38°  C.  (100°  F.)<-  Hydrochloric 
acid  is  present  in  the  proportion  of  about  .2  per  cent.  As  the 
albumoses  are  formed  they  are  removed  by  absorption  from  the 
stomach,  and  thus  the  needful  dilution  is  sustained.  Finally,  if 
the  mouth  has  done  its  duty,  the  pieces  of  proteid  have  been 
reduced  to  a  ,pulp,  composed  of  minute  particles.  These  are 
kept  in  constant  motion  by  the  gastric  walls,  and  thus  are 
repeatedly  brought  in  contact  with  fresh  supplies  of  the  digestive 
fluid. 

There  can  be  little  doubt  that  the  conversion  of  proteid  is 
normally  brought  about  by  the  pepsin,  which  acts  as  a  ferment, 
in  some  way  or  other  facilitating  a  process  which  without  it  is 
extremely  difficult  to  accomplish.  Proteids  may,  however,  give 
rise  to  albumose,  etc.,  without  the  presence  of  any  pepsin,  if 
they  be  treated  with  strong  acids,  alkalies,  boiling  under  high 
pressure,  putrefactive  and  other  ferraentive  actions.  This, 
together  with  the  analogy  suggested  by  the  chemical  details  of 
the  amylolytic  action  of  saliva,  which  one  may  say  depends  on 
a  molecule  of  water  being  taken  up,  suggests  that  the  change  of 


GASTRIC   DIGESTION.  179 

proteid   into   peptone   is   also   hydrolytic,   the  peptones  being 
simply  an  extremely  hydrated  form  of  proteid.* 

So,  far  we  have  found  that  the  action  of  the  gastric  juice  affects 
proteids  alone.  Its  action  on  other  constituents  of  food  varies. 
Gelatinous  material  is  dissolved  by  the  gastric  digestion  and 
rendered  incapable  of  forming  a  jelly;  its  conversion  into  a  form 
of  albumose  has  been  established.'  The  connective  tissue  of 
meat  and  adipose  tissue  is  therefore  soon  removed,  and  the 
muscle-fibers  fall  asunder,  the  sarcolerama  is  dissolved,  and  the 
muscle-substance  converted  into  true  peptone.  The  delicate 
sheets  of  elastic  tissue,  such  as  basement  membranes  and  those 
of  small  vessels,  are  dissolved,  but  larger  masses  of  yellow  elastic 
tissue  are  not  easily  affected  by  the  gastric  digestion.  The  horny 
part  of  the  epidermis,  hairs,  etc.,  and  nuclein  are  quite  unal- 
tered, and  most  of  the  mucus  passes  along  the  alimentary  tract 
without  change.  Bone  dissolves  slowly,  the  animal  part  being 
attacked  at  the  surface  by  the  gastric  juice  and  the  acid  slowly 
removing  the  salts. 

On  Milk,  the  action  of  the  gastric  juice  is  somewhat  peculiar. 
On  reaching  the  stomach,  milk  is  curdled  by  a  special  ferment, 
rennin,  formed  in  the  gastric  mucous  membrane.  A  fluid  known 
as  "  Rennet,"  containing  this  ferment,  is  made  from  the  stomach 
of  the  calf,  and  used  in  the  manufacture  of  cheese.  The  change 
of  caseinogen  to  casein,  i.e.,  the  true  curdling  of  milk,  is  not 
brought  about  by  the  hydrochloric  acid  (although  the  acid  can 
precipitate  the  caseinogen),  because  neutralized  gastric  juice  has 
the  same  effect.  It  appears  that  this  special  ferment  alters  the 
caseinogen  to  casein,  which  clots  in  the  presence  of  lime  salts 
and  causes  the  coagulation.  It  is  not  due  to  common  lactic 
ferment,  for,  though  lactic  acid  is  produGed,  it  is  formed  too 
slowly  to  account  for  the  very  rapid  coagulation  of  milk  which 
occurs  in  the  stomach. 


*  Though  proteids  will  not  diffuse  through  a  dead  animal  membrane,  they  may  be  passed 
through  the  wall  of  the  stomach  by  the  living  cells.  It  must  be  remembered  that  the  gastric 
mucous  membrane  is  a  living,  active  structure.  The  fact  that  albumoses  cannot  be  found  in 
any  quantity  in  chyle  or  portal  blood  tends  to  prove  that  they  do  not  pass  through  the 
stomach  wall  by  a  simple  physical  process  of  diGfusion. 
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On  Starch. — The  gastric  juice  has  little  effect  on  vegetable 
food  in  general,  though  well-masticated  bread  may  be  very 
materially  altered,  owing  to  the  action  of  the  saliva  on  the 
starch  continuing  until  the  mass  is  broken  up,  and  the  gastric 
juice  then  dissolving  the  proteids  (gluten).  The  greater  part, 
of  the  substance  of  bread,  however,  leaves  the  stomach  in  an 
imperfectly  digested  state. 

In  short,  the  amount  of  change  which  any  given  form  of  food 
will  undergo  in  the  stomach  will  depend  on  the  amount  and 
exposed  condition  of  the  proteid  it  contains. 

In  recapitulating  the  chief  events  of  gastric  digestion,  it  must 
be  remembered  that  while  the  food  is  yet  in  the  mouth,  the 
secretion  of  the  gastric  juice  commences,  and  is  greatly  increased 
by  the  arrival  of  a  bolus  of  food  and  a  quantity  of  frothy  alkaline 
saliva.  As  the  stomach  is  filled,  more  and  more  secretion  is 
produced,  and  as  some  food  is  absorbed  an  additional  stimulus 
is  supplied.  Being  kept  in  motion  in  a  large  quantity  of  liquid, 
which  dissolves  the  cases  in  which  the  food  particles  are  con- 
tained, the  bolus  of  food  soon  falls  asunder  and  each  of  its 
ingredients  is  fully  exposed  to  the  action  of  the  gastric  juice. 
The  acid  reaction  of  the  gastric  fluid  neutralizes  the  alkalinity 
of  the  saliva,  so  that  the  action  of  the  ptyalin  is  hindered,  and 
the  starch  granules  float  about  quite  unaff'ected  by  the  pepsin  or 
hydrochloric  acid.  The  heat  of  the  stomach  melts  the  fats,  and 
the  motion  breaks  up  the  oily  fluid  into  smaller  masses.  They 
are  then  mingled  with  the  general  liquid,  which  becomes  more 
and  more  turbid,  owing  to  the  admixture  of  starch  granules^  fat 
globules,  dissolved  proteoses  and  minute  particles  of  partially 
digested  proteids.  This  dull-gray,  turbid  fl.uid  is  called  chyme. 
The  proteids  (the  only  food-stuffs  affected  by  the  gastric  diges- 
tion) are  changed  more  or  less  rapidly  according  as  their 
particles  are  small  and  uncovered  or  large  and  massed  together, 
so  that  they  can  be  more  or  less  readily  reached  by  the  gastric 
juice.  It  may  be  stated,  as  a  rule,  that  the  more  easily  soluble 
the  proteids  are  when  used  as  food,  the  more  readily  are  they 
digested.     Thus,  raw  white  of  egg  disappears  much  more  rapidly 
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from  the  stomach  than  when  firmly  coagulated  by  boiling.  The 
chyme  contains  but  little  proteoses,  so  we  may  conclude  that, 
when  formed,  they  are  rapidly  absorbed,  as  are  also  the  soluble 
sugar  and  ordinary  fluids  taken  with  the  food.  The  chyme 
■begins  to  leave  the  pylorus  soon  after  gastric  digestion  has 
begun,  some  passing  into  the  duodenum  in  about  half  an  hour. 
The  materials  which  resist  the  gastric  secretion,  or  are  affected 
very  slowly  by  it,  are  retained  many  hours  in  the  stomach,  and 
the  pylorus  may  refuse  exit  to  such  materials  for  an  indefinite 
time,  so  that  after  causing  much  uneasiness  they  are  finally 
removed  by  vomiting.  However,  many  solid  masses,  unchewed 
vegetables,  etc. ,  escape  through  the  pylorus  when  it  opens  to  let 
out  the  chyme. 
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CHAPTER  IX. 


INTESTINAL  DIGESTION. 


The  copious  secretions  of  two  of  the  largest  glands  of  the  body 
the  pancreas  and  the  liver — are  poured  into  the  duodenum, 
lis  is  the  widest  part  of  the  small  intestine,  and  the  extent  of 
e  surface  of  its  lining  membrane  is  increased  by  crescentic, 
elf  like  projections,  called  valvulm  conniventes.  The  pancreas 
ing  the  more  important  for  digestion,  may  be  considered  first. 

Pancreas. 
Structure. — The  pancreas  is  a  large,  compound,  sacculated  or 
inous  gland,  composed  of  numerous  irregular  packets  of  gland- 
isue  attached  by  its  lateral  branchlets  to  the  main  central  duct, 
tie  saccules  are  elongated,  and  have  the  same  general  construc- 
)n  as  those  of  the  serous  salivary  glands  already  described,  but 
ey  are  less  loosely  held  together  by  the  intervening  connective 
isue,  and  thus  the  pancreatic  tissue  does  not  show  such  a  regular 
id  compact  arrangement  on  section  as  the  salivary  glands. 
tie  single  layer  of  irregular  or  slightly  conical  secreting  cells  lin- 
g  the  saccule  shows  a  difference  of  structure  in  its  central  or 
iripheral  sides,  so  that  an  external  homogeneous  zone  and  an 
ternal  granular  zone,  nj^y  be  distinguished.  Each  zone  corre- 
onds  to  one  half  of  the  cells,  the  clear  half  being  next  the 
lundary  and  the  granular  half  next  the  lumen  of  the  saccule, 
le  relative  width  of  these  zones  varies  with  the  digestive  process, 
that  the  nuclei  which  are  situated  between  them  sometimes  ap- 
ar  to  be  in  the  outer  clear  zone  and  sometimes  in  the  inner 
anular  zone.  The  outer  zone  colors  readily  with  carmine, 
lilst  the  inner  zone  remains  unstained. 

The  large  duct  which  passes  down  the  axis  of  the  gland,  re- 
iving tributaries  on  all  sides,  is  surrounded  with  a  layer  of  loose 
innective  tissue  which  forms  its  outer  coat.     The  proper  coat  of 
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the  duct  is  composed  of  elastic  tissue,  lined  by  a  single  layer  of 
cylindrical  epithelium. 

Pancreatic  Juice. 

From  a  temporary  fistula  the  secretion  of  the  pancreas  can 
be  obtained  in  suflficient  quantity  to  determine  its  character  and 
properties.  It  is  difficult  to  establish  a  satisfactory  permanent 
fistula  :  the  secretion  soon  alters  its  characters,  becoming  thin 
and  losing  its  efficacy,  probably  owing  to  an  altered  or  abnormal 
state  of  the  gland. 

An  artificial  pancreatic  juice  may  be  extracted  by  water 
from  the  finely  minced  gland,  taken  twenty-four  hours  after 
death  (to  allow  trypsinogen  to  be  converted  into  trypsin), 
from  an  animal  killed  during  active  digestion  (a  couple  of  hours 
after  eating).  This  extract,  used  with  proper  precautions,  is 
found  to  have  the  same  effect  as  secretion  itself. 

A  glycerin  solution  containing  the  active  principles  of  the 
pancreatic  secretion  may  be  made  from -the  pancreas  by  treating 
the  minced  gland  twenty-four  hours  after  death  with  absolute 
alcohol  for  a  couple  of  days,  removing  the  alcohol,  and  allowing 
the  gland  to  soak  for  a  week  in  sufficient  glycerin  to  cover 
it.  This  glycerin  extract,  filtered,  contains  but  little  else  than 
pancreatic  ferments. 

Characters  of  the  Secretion. — The  pancreatic  juice  of  a 
dog  is  a  very  thick,  transparent,  colorless,  strongly  alkaline  fluid, 
which  turns  to  a  jelly  if  cooled  to  o°  C.  It  often  contains  about 
ten  per  cent,  of  solids  when  obtained  from  a  temporary  fistula, 
but  it  may  have  as  little  as  two  per  cent. 

Of  these  a  considerable  proportion  are  organic,  namely  : —  • 
I.  Ferments.  These  constitute  the  largest  part  of  the 
organic  matter.     They  are  four  in  number,  viz. : — 

a.  Trypsin. 

b.  Amylopsin. 

c.  Steapsin. 

d.  A  milk-curdling  ferment. 

II.  A  small  amount  of  proteid  which  is  coagulated  by  heat. 
III.  Small  quantities  of  leucin  and  tyrosin. 
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The  inorganic  substances  are : — 
I.  Water. 
II.  Salts. 

The  chief  of  these  are  sodium  carbonate  and  alkaline  phos- 
phates.    To  these  the  juice  owes  its  alkaline  reaction. 

Mode  of  Secretion. 

The  pancreas  does  not  continue  in  a  state  of  activity  during 
the  interval  between  the  periods  of  active  digestion.  When 
the  gland  is  at  rest  it  is  of  a  pale  yellow  color,  and  is  flaccid, 
but  during  active  digestion  it  becomes  more  turgid,  and  assumes 
a  pinkish  color  from  the  increased  flow  of  blood.  The  secretion 
commences  immediately  after  taking  food,  and  rises  rapidly  for 
a  couple  of  hours,  then  falls  and  rises  again  in  the  later  hours  of 
digestion,  five  to  seven  hours  after  a  meal :  then  it  gradually 
falls  for  eight  to  ten  hours,  and  ceases  completely  when  digestion 
is  at  an  end.  The  first  rise  which  accompanies  the  introduction 
of  food  into  the  stomach  is  certainly  brought  about  by  nervous 
agencies  of  a  similar  nature  to  those  of  the  stomach,  the  se- 
cretion of  which  follows  closely  upon  mastication.  The  second 
accompanies  the  passage  of  the  undigested  food  through  the 
small  intestines,  and  may  be  most  conveniently  explained  as  the 
result  of  reflex  nervous  stimulation  of  the  gland- cells. 

Nervous  Mechanism. — The  great  complexity  of  the  nervous 
mechanism  of  the  glands  of  the  intestinal  tract  makes  it  difficult 
to  a^scertain  the  exact  channels  traversed  by  the  afferent  and 
efferent  impulses.  The  following  observations,  if  accurate, 
would  tend  to  prove  that  certain  inhibitory  impulses  pass  from 
the  stomach  along  the  vagus  to  the  medulla,  and  are  thence 
reflected  to  the  gland  by  its  vaso-motor  nerves.  During  vomit- 
ing, or  when  the  central  end  of  the  divided  vagus  is  stimulated, 
the  secretion  of  the  pancreas  ceases.  Section  of  the  nerves 
which  surround  the  blood-vessels  distributed  to  the  pancreas 
causes  considerable  (paralytic)  flow  of  secretion  which  stimula- 
tion of  the  vagus  cannot  check. 

No  nerve-channels  have  been  demonstrated  to  carry  exciting 
impulses  direct  to  the  glands,  as  the  chorda  tympani  does  to  the 
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submaxillary ;  but  the  direct  stimulation  of  the  gland  itself  or 
of  the  medulla  oblongata  induces  active  secretion. 

Histological  Changes  in  the  Cells  during  Secretion. — During 
the  period  of  rest,  /.  e.,  no  secretion  flowing  from  the  duct,  and 
the  gland  being  pale,  the  gland-cells  in  the  acini  undergo  a 
change  which  may  be  compared  with  that  observed  in  the  cells 
of  the  serous  salivary  glands.  The  division  of  the  row  of  cells 
lining  the  acinus  into  a  central  granular  and  outer  clear  zone 
has  already  been  mentioned  (p.  182). 

Immediately  after  very  active  secretion,  the  central  granular 
zone  is  reduced  to  a  minimum,  owing  to  the  paucity  of  granules ; 

Fig.  74. 


One  Saccule  of  the  Pancreas  of  the  Rabbit  in  Different  States  of  Activity. 
A,  after  a  period  of  rest,  in  which  case  the  outlines  of  the  cells  are  indistinct,  and  the  inner 
zone,  i.e.f  the  part  of  the  cells  ff,  next  the  lumen,  c,  is  broad  and  filled  with  fine 
granules;  B,  after  the  gland  has  poured  out  its  secretion,  when  the  cell  outlines,  d, 
are  clearer,  the  granular  zone,  «,  is  smaller,  and  the  dear  outer  zone  is  wider. 
{Kuhne  and  Lea.) 

and  the  outer  zone  occupies  the  greater  part  of  the  cell,  the 
entire  substance  of  which  stains  readily  and  looks  like  ordinary 
protoplasm.  After  rest,  however,  the  granules  reappear,  and 
after  the  lapse  of  a  short  quiescent  period  the  inner  granular 
zone  has  again  encroached  on  the  outer,  owing  to  the  accumu- 
lation of  granules,  which,  rapidly  increasing,  iill  the  greater 
part  of  the  cells,  and  cause  them  to  bulge  inward  and  occlude 
the  lumen  of  the  gland.  As  digestion  proceeds,  the  cells 
undergo  a  slight  change  in  form,  so  that  each  individual  cell  is 
more  distinctly  seen  and  its  angles  are.  retracted,  giving  a 
16 
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notched  appearance  to  the  margin  of  the  acinus.  The  blooc 
supply  during  this  period  is  much  increased,  red  arterial  bloo( 
flowing  from  the  veinlets  of  the  gland.  At  the  same  time  th( 
granules,  are  diminished  in  number,  escaping  at  the  free  centra 
margin  of  the  cells  into  the  lumen,  toward  which  they  appear  t( 
crowd,  leaving  the  outer  zone  once  more  clear  and  free  fron 
granules,  while  the  lumen  of  the  saccule  and  of  the  ducts  i: 
filled  with  secretion. 

The  examination  of  a  single  cell  shows  that  during  the  perioc 
of  rest,  with  a  comparatively  poor  supply  of  blood,  it  receives  it 
normal  nutrition,  which  is  accompanied  by  an  accumulation  o 
granules  in  the  protoplasm  next  the  free  side  of  the  cell.  During 
secretion  these  granules  are  pushed  out  of  the  cell,  and  seen 
in  some  way  to  form  the  secretion. 

It  will  be  seen  presently  that  one  of  the  most  importan 
functions  of  the  pancreatic  juice  is  the  formation  of  proteose 
from  proteid,  which  operation  is  carried  out  by  a  special  fermen 
called  trypsin.  It  has  been  found  that  this  ferment  can  onl] 
be  obtained  from  the  active  pancreas,  and  that  the  wider  th( 
inner  granular  zone  of  the  cell  is,  the  richer  in  ferment  is  th( 
glycerin  extract  made  from  the  gland.  But  it  has  also  beer 
found  that  if  a  glycerin  extract  be  made  at  once  from  ai 
actively  secreting,  absolutely  fresh  gland,  /.  e.,  removed  from  th( 
dead  animal  while  still  warm,  the  extract'  is  found  to  be  quit( 
inert  toward  proteids,  while  an  extract  made  from  a  portion  o 
the  same  pancreas  which  has  been  kept  some  hours  after  deatl 
is  very  active ;  and  a  portion  of  the  fresh  pancreas  pounded  ii 
a  mortar  with  a  little  weak  acid  so  as  to  develop  the  trypsii 
acts  in  an  alkaline  solution  and  forms  proteose  energetically. 

We  must  therefore  conclude  that  the  special  proteolyti( 
ferment  of  the  pancreas  does  not  exist  prior  to  the  period  a 
which  the  secretion  is  poured  out  from  the  gland-cells. 

Although  a  definite  relation  seems  to  exist  between  th( 
amount  of  granules  in  the  active  cells  and  the  degree  of  efficac] 
of  the  secretion,  the  ferment  does  not  appear  in  full  force  fo: 
some ,  time  after  the  height  of  the  gland  activity  has  beei 
established. 
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It  has  therefore  been  assumed  that  the  granules  of  the  gland- 
cells  give  rise,  not  to  the  proteolytic  ferment,  but  to  a  ferment- 
producing  substance  which  is  called  a  Zymogen  {trypsinogen). 

So  that,  if  we  trace  the  history  of  the  pancreatic  proteolytic 
ferment,  we  shall  find  that,  so  far  as  this  trypsin  is  concerned, 
there  can  be  no  question"  as  to  whether  it  pre-exists  in  the  blood 
and  is  removed  thence  by  the  gland  or  not,  because  by  studying 
the  process,  the  final  elaboration  of  the  secretion  is  seen  to  take 
place  after  it  has  got  into  the  ducts  or  into  the  intestinal  cavity. 
Thus  the  blood  gives  nutriment  to  the  protoplasm  of  the  gland- 
cells.  The  protoplasm  of  the  cells,  by  its  intrinsic  chemical 
processes,  manufactures  peculiar  granules.  These  granules  give 
rise,  among  other  things,  to  a  zymogen,  which  in  the  presence 
of  an  acid  begets  trypsin. 

Pancreatic  Digestion. 

The  pancreatic  juice  is,  of  all  digestive  fluids,  the  most  general 
solvent.  It  acts  upon  the  three  great  classes  of  food-stuffs  which 
require  modification  to  enable  them  to  pass  through  the  barrier 
that  intervenes  between  the  intestinal  cavity  and  the  blood 
current.  It  changes  proteids  into  peptones,  emulsifies  fatty  sub- 
stances, and  converts  starch  into  soluble  sugar.  The  ferments  to 
which  its  activity  is  due  may  be  separately  described. 

I.  Action  on  Froteids. — The  ferment  which  produces  peptone 
is  trypsin.  Some  of  the  conditions  required  for  its  perfect 
operation  are  the  same  as  those  necessary  for  the  action  of  the 
gastric  ferment, /^/j/«/  namely,  a  certain  degree  of  dilution  and 
a  temperature  of  about  40°  C.  But  it  differs  from  pepsin  in  the 
most  important  characteristic  of  its  action.  Whilst  the  presence 
of  an  acid  is  absolutely  necessary  for  peptic  proteolysis,  we  find 
that  alkalinity  aids  this  action  of  the  pancreatic  ferment.  The 
presence  of  sodium  carbonate  seems  to  play  a  part  which  closely 
corresponds  to  that  taken  by  the  hydrochloric  acid  in  gastric 
digestion. 

A  series  of  bodies  similar  to  those  already  described  under 
gastric  digestion  is  found  to  occur  in  tryptic  hydrolysis,  namely, 
primary  and  secondary  proteoses  and  peptones,  but  here  asso- 
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iated  with  alkali-albuminate  in  place  of  the  acid  albuminate  o 
he  gastric  digestion. 

This  change  as  accomplished  by  the  trypsin  is  not  accom 
lanied  by  any  swelling  of  coagulated  albumin,  such  as  occurs  ii 
tomach  digestion,  but  the  proteid  is  gradually  eroded  from  th( 
urface  and  thus  diminished  in  size. 

Besides  these  differences  between  the  mode  of  action  of  pepsii 
.nd  trypsin  in  producing  proteoses  and  peptones,  trypsin  has  i 
)eculiar  power  upon  proteids,  which  has  no  analogue  in  thi 
ieptic  action.  After  the  pancreatic  peptone  has  been  produced 
I  further  change  occurs,  which  gives  rise  to  the  formation  of  tw( 
:rystallizable  nitrogenous  bodies  known  zs,  leucin  and  tyrosin 
he  former  belonging  to  the  fatty  acid,  and  the  latter  to  th 
iromatic  acid  group.  These  substances,  which  are  commonl 
bund  together  as  a  result  of  the  septic  decomposition  of  pep 
ones,  seem  inseparable  from  pancreatic  digestion  where  the 
lepend  in  part  on  the  action  of  the  trypsin. 

The  amount  of  proteose  and   peptone   produced  reaches 
■naximum  in  about  four  hours,  after  which  the  proportion  c 
;he  different  decomposition  products  appears  to  increase  at  th 
expense  of  the  peptone. 

This  breaking  up  of  the  surplus  proteid  food  into  bodies  whic 
:annot  be  of  much  utility  in  the  economy,  and  which,  as  wi 
ippear  hereafter  (compare  Chap.  XXIII),  are  but  a  step  in  th 
direction  of  their  elimination,  is  probably  an  important  part  ( 
the  pancreatic  function,  as  it  relieves  the  economy  of  a  surcharg 
of  albuminous  substances. 

II.  Action  on  Fat. — The  action  of  the  pancreatic  juice  on  fa 
is  of  two  kinds  ;  {a)  Saponification. — By  the  action  of  a  specii 
ferment  {steafsin)  a  small  proportion  of  the  neutral  fats  is  spl 
up  into  glycerin  and  the  corresponding  fatty  acids.  The  aci( 
thus  produced  readily  unite  with  the  alkali  present  to  form  soa] 
The  chemistry  of  the  change  will  be  found  at  p.  91,  but  m£ 
here  be  shortly  stated,  taking  olein  as  an  example.  Olein  is 
compound  of  oleic  acid  and  glycerin.  Olein  in  presence  of  th 
ferment  and  soda  gives  glycerin  and  oleic  acid,  and  the  latt 
combines  with  soda  to  form  sodium  oleate  or  soap.   This  proce 
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materially  aids  in  the  next,  (b)  Emulsification. — Which  means 
that  the  fat  is  reduced  to  a  state  of  very  fine  subdivision,  as  it 
exists  in  milk.  The'  production  of  this  condition  is  facilitated  by 
(i)  the  albumin  in  solution,  (2)  the  alkalinity  of  the  fluid, 
(3)  the  presence  of  soap  alluded  to  above,  and  (4)  the  motion 
of  the  intestines.  This  process  of  emulsification  may  be  imi- 
tated by  adding  about  one  quarter  volume  of  rancid  linseed-oil 
to  a  solution  of  sodium  carbonate  and  shaking  in  a  test-tube. 
It  will  be  found  that  the  addition  of  a  little  soap  and  albumin, 
(to  complete  the  analogy  with  the  intestinal  contents,  where 
emulsification  normally  takes  place)  will  make  the  emulsion 
more  perfect  and  more  permanent. 

III.  Action  on  Starch. — The  amylolytic  power  of  the  pan- 
creatic juice  depends  on  a  separate  ferment  (Amylopsin),  Its 
action  is  identical  with  that  of  the  saliva,  converting  the  starch 
into  dextrins  and  maltose  (see  p.  i66),  with  the  exception  that  it 
is  more  rapid  and  energetic,  and  affects  raw  as  well  as  boiled 
starch.  In  fact,  this  is  the  most  active  ferment  in  the  body.  It 
is  found  to  exist  in  the  extract  of  the  gland,  whether  it  has  been 
removed  from  a  fasting  or  from  a  recently  fed  animal ;  the  fer- 
ment therefore  exists  in  sufficient  quantity  in  the  gland,  whether 
engaged  in  active  secretion  or  not.  This  pancreatic  ferment  is 
not  found  in  the  pancreas  of  children  for  a  period  about  equal 
to  that  of  their  suckling. 

Bile. 
The  Liver  has  many  important  functions  which  may  be  thus 
enumerated :  (i)  Formation  .of  urea,  uric  acid,  etc.  (2)  For- 
mation of  glycogen;  (3)  Elimination  of  some  injurious  constit- 
uents from  the  blood.  (4)  Secretion  of  Bile.  The  last  must  be 
treated  of  in  this  section  concerning  digestion,  the  others  belong 
to  a  future  chapter. 

Method  of  Obtaining  Bile. — For  most  practical  purposes 
the  bile  from  the  gall-bladder  of  recently  killed  animals  is 
sufficient.  The  bile  pigments  and  cholesterin  may  ,be  con- 
veniently obtained  from  the  gall-stones  so  often  found  in  the 
human  gall-bladder. 
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In  order  to  investigate  the  composition  of  the  bile  as  it  com 
from  the  ducts,  before  it  has  been  modified  by  its  sojourn  in  tl 
gall-bladder,  it  is  necessary  to  make  a  biliary  fistula,  coram 
nicating  either  with  the  gall-bladder  or,  better,  with  the  bile-due 
In  this  way  the  rate,  pressure,  and  other  points  concerning  tl 
mode  of  secretion  may  be  determined. 

Composition  of  Bile. — The  bile  of  man  and  carnivoroi 
animals  is  of  a  deep  orange-red  color,  turning  to  greenish-brow 
on  oxidation  of  its  coloring  matter.  In  herbivorous  anima 
it  has  some  shade  of  green  when  quite  fresh,  but  turns  to 
muddy  brown  after  a  time.  It  is  transparent,  and  more  or  lei 
viscid  according  to  the  length  of  time  it  has  remained  in  th 
gall-bladder.  It  has  a  strong  bitter-sweet  taste,  and  a  peculij 
aromatic  odor.  It  is  neutral  or  faintly  alkaline,  but  aftc 
remaining  for  some  time  in  the  gall-bladder  it  becomes  raoi 
strongly  alkaline.  Its  specific  gravity  is  about  loio  when  take 
from  the  bile-ducts  directly,  but  it  may  rise  to  1030  after  pre 
longed  stay  in  the  gall-bladder,  owing  to  the  absorption  of  som 
of  its  fluid  and  the  addition  of  mucus. 

The  following  table  gives  approximately  the  proportions  c 
the  chief  constituents  of  bile  : — 

Water 85.0  per  cent. 

Bile-salts lo.o 

Coloring  matter  and  mucus, 3.0 

Fats, .    .    .  I.o 

Cholesterin, ....  0.3 

Inorganic  salts, 0.7 


Bile  contains  no  structural  elements  nor  any  trace  of  albumi 
nous  bodies. 

I.  The  bile- acids  are  two  compound  acids,  glycocholic  an( 
taurocholic,  which  exist  in  the  bile  in  combination  with  sodium 
The  amount  of  each  varies  in  different  animals  and  at  differen 
times  in  the  same  animal.  The  bile  of  the  dog  and  othe: 
carnivora  contains  chiefly  taurocholate  of  soda.  In  the  ox  the 
glycocholate  of  soda  is  greatly  in   excess.     In  man  both  are 
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present,  the  proportion  being  variable,  but   the  glycocholate 
greatly  preponderates. 

To  separate  these  acids,  bile  is  evaporated  to  one-fourth  its 
volume,  rubbed  to  a  paste  with  animal  charcoal  to  remove  the 
pigments,  and  carefully  dried  at  ioo°  C.  The  black  cake  is 
extracted  with  absolute  alcohol,  which  dissolves  the  bile-salts. 
From  the  strong  alcoholic  solution,  after  partial  evaporation, 
the  bile-salts  can  be  precipitated  by  ether.  They  first  appear  as 
an  emulsion,  and  then  form  glistening  crystals  which  are  soluble 
in  water  or  alcohol,  but  insoluble  in  ether. 

From  a  solution  of  the  two  salts  the  glycocholic  acid  may  be 
precipitated  as  lead  glycocholate  by  neutral  lead  acetate.  This  is 
collected  on  a  filter,  washed,  and  dissolved  in  hot  alcohol.  The 
lead  is  then  removed,  as  lead  sulphid,  by  passing  a  stream  of 
sulphureted  hydrogen  through  the  solution  and  filtering.  To  the 
filtrate  water  is  added,  when  the  glycocholic  acid  separates  in  a 
crystalline  form.  The  taurocholate  remaining  in  the  filtrate  is  pre- 
cipitated as  lead  taurocholate  by  the  addition  of  basic  lead  acetate 
and  ammonia.  Taurocholic  acid  is  obtained  from  this  in  a  man- 
ner similar  to  that  used  in  the  preparation  of  glycocholic  acid. 

Glycocholic  acid  when  boiled  with  weak  acids,  alkalies,  or 
baryta  water  takes  up  an  atom  of  water  and  splits  into  cholalic 
acid  and  glycin.     (See  p.  78.) 

Taurocholic  acid,  under  similar  treatment,  splits  into  cholalic 
acid  and  taurin.     (See  p.  78.) 

In  the  intestine  the  bile-salts  are  decomposed  by  the  acid 
gastric  chyme,  bile  acids  being  precipitated.  The  bile-acids 
apparently  are  also  split  up  into  cholalic  acid,  glycin,  and 
taurin,  but  these  are  largely  absorbed  from  the  intestine,  for  we 
find  only  small  quantities  of  them  in  the  feces. 

In  experimenting  on  an  animal  with  a  biliary  fistula,  when 
all  the  bile  is  removed  we  find  that  in  a  short  time  the  specific 
gravity  of  the  bile  collected  falls  considerably,  and  this  has 
been  shown  to  be  due  to  a  greatly  diminished  secretion  of  bile 
salts.  If  such  an  animal  be  now  fed  with  bile — the  specific 
gravity  of  the  secretion  again  goes  up  and  the  bile  contains  a 
large  quantity  of  bile  salts. 
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So  there  is  apparently  a  continuous  circulation  of  these  pn 
ducts.  The  cholalic  acid,  glycin,  and  taurin  absorbed  from  tl 
intestine  are  converted  into  bile  acids  again  by  the  liver,  and  r 
secreted  as  bile  salts. 

Bile  salts  have  not  been  detected  in  the  normal  blood,  an 
there  is  no  accumulation  of  them  in  the  body  after  the  retnov; 
of  the  liver :  hence  it  is  concluded  that  they  are  manufacture 
by  the  liver,  chiefly  from  their  factors  absorbed  from  the  intestini 

II.  The  substance  in  bile  that  gives  it  its  characteristic  visci 
and  slimy  properties  has  been  shown  to  consist  chiefly  of  a  nuclei 
albumin,  not  altogether  of  mucin,  as  was  formerly  stated,  thoug 
a  small  quantity  of  mucin  is  always  present.  It  is  probably  s 
creted  by  the  numerous  glands  in  the  walls  of  the  ducts  an 
the  gall-bladder. 

III.  The  pigments  present  in  the  bile  are  named  bilirubi 
and  biliverdin.  The  latter  preponderates  in  the  bile  of  man 
herbivora.  Both  are  present  in  human  bile,  but  it  is  general] 
stated  to  contain  more  bilirubin.  Neither  contain  any  iroi 
On  oxidation  bilirubin  is  first  converted  into  biliverdin,  an 
then  passes  through  other  stages,  finally  becoming  yellow ;  th 
final  product  is  termed  choletelin.  It  is  insoluble  in  wate 
only  slightly  soluble  in  alcohol,  but  very  soluble  in  chlon 
form.  Biliverdin,  on  the  other  hand,  is  insoluble  both  : 
water  and  chloroform,  but  very  soluble  in  alcohol.  With  tl 
spectroscope  bilirubin  shows  considerable  absorption  of  tl 
violet  end,  and  biliverdin  of  the  red  end  of  the  spectrum, 
solutions  of  either  of  these  pigments  be  treated  with  reducir 
agents  (sodium  amalgam)  they  are  converted  intohydrobilirubi: 
a  substance  allied  to,  but  not  identical  with  stercobilin.  Bilirub 
is  identical  in  chemical  composition  with  hemaioidin,  a  deep 
colored  material  found,  in  rhombic  crystals,  by  Virchow  in  o 
extravasations  of  blood  within  the  body.  Bilirubin  is  al 
found  in  the  crystalline  form.  The  bile  pigments  increase 
quantity  if  the  coloring  matter  of  the  blood  be  injected  in 
the  portal  vein.  Hence  the  bile  pigment  is  said  to  be  deriv( 
from  the  coloring  matter  of  the  blood  [hemoglobin).  Probab 
the  hemoglobin  of  red  corpuscles  which  have  been  broken  i 
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in  the  spleen  or  other  organs  is  converted  into  bile  pigment  by 
the  liver. 

IV.  Fatty  matters,  the  principal  of  which  are  lecithin, 
palmitin,  stearin,  olein,  and  their  soda  soaps  in  small  quan- 
tities. 

V.  Cholesierin  (CjeH^a.OH)  is  an  alcohol  and  crystallizes  in 
clear  rhombic  plates,  insoluble  in  water,  but  held  in  solution 
by  the  presence  of  the  bile  salts.  It  can  be  obtained  from 
gall-stones,  the  pale  variety  of  which  are  almost  entirely  com- 
posed of  it.     The  cholesterin  leaves  the  intestine  with  the  feces. 

VI.  Among  the  inorganic  salts  are  sodiUm  and  potassium 
chlorid,  calcium  phosphate,  some  magnesium,  and  iron.  This 
latter  is  present  in  the  form  of  a  phosphate.  The  quantity  is 
small  in  proportion  to  the  amount  of  hemoglobin  destroyed  to 
form  the  bile  pigments  which  we  saw  were  iron-free.  The 
rest  of  the  iron  is  stored,  as  a  proteid  compound,  in  the  liver 
cells. 

Tests  for  Bile. — The  most  important  constituents  of  the  bile, 
viz.,  the  bile  acids  and  pigment,  may  be  detected  by  appropriate 
tests,  which  are  in  common  practical  use : — 

1.  Pettenkofer's  test  for  the  bile  acids  :    To  a  fluid  containing 

either  or  both  bile  acids,  or  any  solution  of  cholalic  acid, 
add  a  very  small  quantity  of  cane  sugar,  and  then  slowly, 
drop  by  drop,  strong  sulphuric  acid.  The  solution  turns 
to  a  cherry-red  and  then  changes  to  purple.  As  other 
substances,  such  as  albuminous  bodies,  give  under  this 
treatment  a  similar  color,  in  order  to  make  the  reac- 
tion a  decisive  test  for  bile  salts,  the  two  characteristic 
absorption  bands  shown  by  the  spectroscope  should  also 
be  observed. 

The  following  is  said  to  be  a  characteristic  method : 
Rinse  out  a  porcelain  capsule  successively  with  the  fluid 
to  be  tested  and  with  a  weak  solution  of  sugar,  and  then 
add  strong  sulphuric  acid  ;  on  standing  or  heating  to  70° 
C.  the  acid  turns  purple. 

2.  Gmelin's  test  for  the  bile  pigments  depends  upon  the  fact 

that  during  the  stages  of  oxidation  the  bilirubin  under- 
17 
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goes  a  series  of  changes  in  color  which  follow  the  familia 
sequence  of  the  solar  spectrum.  Place  a  few  drops  of  th( 
fluid  to  be  tested  on  a  white  surface  (capsule  or  plate) 
and  allow  a  drop  of  nitric  acid,  yellow  with  nitrous  aci< 
fumes,  which  make  it  more  oxidizing,  to  run  iiito  it ;  a 
they  mingle  together  the  rainbow-like  play  of  colo: 
appears.  This  when  watched  will  be  found  to  consis 
of  a  series  of  changes  to  green  (biliverdin),  blue,  violet 
red,  and  yellow  (choletelin). 

This  can  also  be  observed  by  allowing  the  acid  t( 
trickle  gently  down  the  side  of  a  test-tube  fixed  in  ai 
inclined  position  so  that  it  cannot  be  shaken :  the  plaj 
of  color  can  then  be  seen  starting  from  the  point  o 
junction  of  the  two  fluids. 

Method  of  Secretion  of  Bile. 

The  secretion  of  the  liver  varies  less  in  the  amount  formed  a 
different  times  than  that  of  other  digestive  glands.  Althougl 
the  changes  in  the  rates  of  its  secretion  are  not  so  marked,  the; 
follow  the  same  general  rule  as  those  of  other  glands  connectec 
with  digestion,  i.  e. ,  after  food  is  taken  there  is  a  sudden  rise 
then  a  gradual  fall,  followed  by  a  second  rise  in  the  rate  of  secre 
tion.  This  is  not  so  well  seen  as  in  the  case  of  the  pancreas 
Want  of  food  is  said  to  check  the  secretion  of  bile,  but  onl; 
does  so  in  a  slight  degree,  for  the  more  important  work  of  thi 
liver  is  continuous,  as  is  the  activity  of  all  glands  whose  duty  i 
is  to  eliminate  noxious  substances  or  otherwise  influence  tb 
composition  of  the  blood.  At  the  end  of  a  period  of  fasting 
the  gall-bladder  is  always  found  greatly  distended,  because  th< 
secretion  has  continued  to  flow  into  that  receptacle,  and  there  ha 
been  no  call  for  its  discharge  into  the  duodenum. 

The  amount  of  bile  produced  by  dogs  is  much  influenced  b; 
their  diet.  It  is  very  great  when  meat  alone  is  consumed,  les 
with  vegetable,  and  very  small  with  a  diet  of  pure  fat.  As  ; 
general  rule  bile  is  more  abundantly  produced  in  herbivorou 
than  in  carnivorous  animals. 

The  rate  of  secretion  is  much  influenced  by  the  amount  c 
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blood  flowing  through  the  organ,  which  probably  explains  the 
increase  during  digestion.  Li^ture  of  the  portal  vein  causes 
arrest  of  the  secretion  and  death.  After  ligature  of  the  hepatic 
artery  the  secretion  continues,  but  soon  diminishes  from  malnu- 
trition of  the  tissue  of  the  liver,  which  ultimately  causes  death  if 
the  entire  vessel  be  tied. 

These  variations  in  the  rate  of  secretion  may  depend  on  direct 
nervous  influence,  but  no  special  secretory  nerve  mechanism  has 
been  discovered  for  the  liver,  and  it  is  quite  possible  that  the 
changes  in  the  activity  of  the  gland,  which  accompany  the  dif- 
ferent periods  of  digestion,  may  be  accounted  for  by  changes  in 
the  intestinal  blood  supply,  which  give  rise  to  corresponding 
differences  in  the  amount  of  blood  flowing  through  the  portal 
vein. 

The  force  with  which  the  bile  is  secreted  is  very  small.  That 
is  to  say,  the  pressure  in  the  ducts  never  exceeds  to  any  great  de- 
gree that  of  the  blood  in  the  portal  vein  :  but,  on  the  contrary, 
when  a  pressure  of  about  i6ram.  mercury  is  attained  (that  of 
the  portal  blood  being  normally  not  more  than  lo  mm.)  the 
flow  of  the  bile  ceases,  and  with  a  little  increase  of  opposing 
force  the  fluid  in  the  manometer  falls  and  finds  its  way  into  the 
blood.  This  is  made  obvious  by  experiment,  by  which  it  can  be 
shown  that  with  a  comparatively  low  pressure,  about  eight  inches 
of  water  for  a  guinea-pig,  fluid  can  be  forced  into  the  circulation 
from  the  bile  ducts,  via  lymphatics.  The  fact  that  the  flow  in 
the  gall  ducts  stops  at  this  low  pressure  does  not  imply  any  want 
of  secretory  power  on  the  part  of  the  liver  cells,  but  merely 
that  there  exists  a  great  facility  of  communication  between  the 
duct  radicles  and  the  lymphatics.  The  liver  cells  continue  to 
secrete  and  the  animal  becomes  jaundiced. 

This  is  seen  also  in  stoppage  of  the  bile  ducts  in  the  human 
subject,  when  some  of  the  bile  constituents  continue  to  be 
formed  and  pass  into  the  blood,  where  their  presence  is  demon- 
strated by  the  yellow  color  characteristic  of  jaundice.  The  ready 
evacuation  of  the  bile  is  a  matter  of  great  importance  for  health, 
the  least  check  to  its  free  exit  causing  the  secretion  to  be  forced 
into   the  lymphatic  system  instead  of   into   the  gall  passages. 
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Under  normal  circumstances,  the  large  receptacle  of  the  gall- 
bladder being  always  ready  to  /eceive  the  bile,  insures  its  easy 
exit  from  the  ducts,  but  the  forces  which  cause  its  flow  are  ex- 
tremely weak.  The  smooth  muscle  in  the  walls  of  the  duct 
seems  rather  for  the  purpose  of  regulating  than  aiding  the  flow. 

When  food  from  the  stomach  begins  to  flow  into  the  duodenum, 
the  muscular  coat  of  the  gall-bladder  contracts  and  sends  a  flow 
of  bile  into  the  intestine,  which  action  is  doubtless  brought 
about  by  a  reflex  nerve  impulse,  for  it  is  only  when  this  part  is 
stimulated  that  the  bile  flows  freely  from  the  bladder.  The  acid 
gastric  contents  seem  to  be  the  most  efficacious  stimulus. 

In  the  human  subject  the  quantity  of  bile  secreted  has  been 
found  to  be  about  600  c.c.  (21  oz.)  per  diem  in  cases  where  there 
were  biliary  fistulas.  This  would  equal  about  13  grms.  per  kilo 
of  the  body  weight. 

In  the  guinea-pig  and  rabbit  it  has  been  estimated  to  be  about 
150  grms.  per  kilo  of  body  weight. 

Functions  of  the  Bile. 

I.  Neutralizing  and  Precipitating  Gastric  Chyme. — When  the 
acid  contents  of  the  stomach  are  poured  into  the  duodenum  and 
meet  with  a  gush  of  alkaline  bile,  a  copious  cheesy  precipitate 
is  formed  which  clings  to  the  wall  of  the  intestine.  This  pre- 
cipitate consists  partly  of  compounds  of  the  bile  salts  with  the 
unaffected  albumin,  proteoses,  etc.,  and  partly  of  bile  acids,  the 
salts  of  which  have  been  decomposed  by  the  hydrochloric  acid 
of  the  gastric  juice,  the  soda  at  the  same  time  neutralizing  the 
acid.  With  the  bile  acids  the  pepsin  is  mechanically  carried 
down ;  peptones  are,  however,  not  precipitated.  The  precipitated 
albumin,  etc.,  is  viscid  and  probably  adheres  to  the  mucous 
membrane,  allowing  the  useless  matters  to  pass  on  while  it 
remains. 

Thus,  immediately  on  their  entrance  into  the  duodenum  the 
peptic  digestion  of  the  gastric  contents  is  suddenly  stopped,  not 
only  by  the  precipitation  of  the  albumin  and  proteose,  but  also 
by  the  removal  of  the  pepsin  itself,  and  the  neutralization  of 
the  gastric  fluid  by  the  bases  of  the  bile.     By  thus  checking  the 
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action  of  the  gastric  ferment  the  bile  prepares  the  chyme  for  the 
action  of  the  pancreatic  juice. 

2.  As  a  stimulant,  the  bile  is  of  considerable  use,  in  that  it 
excites  the  muscles  of  the  intestine  to  increased  action,  and 
thereby  aids  in  absorption  and  promotes  the  forward  movement 
of  food,  and  more  particularly  of  those  insoluble  materials 
which  have  to  be  evacuated  per  anum.  This  stimulation  may 
amount  to  mild  purging. 

3.  Moistening  and  Lubricating. — The  bile  adds  to  the  ingesta 
an  abundant  supply  of  fluid  and  mucus,  much  of  which  passes 
along  the  intestine  to  moisten  and  lubricate  the  feces  and  facili- 
tate their  evacuation.  In  cases  of  jaundice,  or  when  the  bile  is 
removed  by  a  fistula,  the  feces  are  hard  and  friable,  and  with 
difficulty  expelled,  owing  to  the  deficient  fluid  and  mucus,  as 
well  as  to  the  weaker  peristaltic  movements. 

4.  As  an  Aid  to  Absorption. — The  bile,  having  some  soap  in 
solution,  has  a  close  relationship  to  both  watery  and  oily  fluids, 
and  possibly  on  this  account,  as  well  as  owing  to  a  peculiar 
power  possessed  by  the  bile  salts,  a  membrane  saturated  with 
bile  allows  an  emulsion  of  fat  to  pass  through  it  much  more 
readily  than  if  it  were  kept  moistened  with  water.  This  can  be 
seen  experimentally  with  filter-paper.  The  bile  thus  acts  as  an 
important  adjunct  to  the  pancreatic  juice. 

In  practice  the  influence  of  the  bile  on  the  absorption  of  fats 
can  be  recognized  by  the  fatty  feces  which  occur  if  fats  -be  eaten 
when  the  ducts  are  occluded  so  that  the  secretion  cannot  enter 
the  intestine. 

5.  As  Excrement. — Although  much  of  the  bile  is  reabsorbed 
from  the  intestinal  tract  into  the  blood,  and  again  used  in  the 
economy,  some  of  its  constituents  pass  off'  with  the  feces,  and 
are  no  doubt  simply  excrementitious  matters  that  must  be  got 
rid  of.  Thus  all  the  cholesterin,  mucus,  nuclein,  and  coloring 
matter  are  normally  eliminated,  and  some  of  the  cholalic  acid, 
glycin,  and  taurin  are  found  in  the  feces. 

6.  Emuhification  of  Fats. — The  bile  has  some  share  in  form- 
ing an  emulsion,  but  far  less  than  the  secretion  of  the  pancreas ; 
however,  the  mixed  secretions  are  probably  more  efficacious 
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than  either  separately,  from  the  presence  in  the  bile  of  free  fatty 
acids,  which  form  soaps  and  so  aid  in  forming  the  emulsion. 

7.  As  an  antiseptic,  bile  has  been  said  to  have  some  function 
to  perform.  Possibly  it  restricts  the  formation  of  certain  of  the 
bye-products,  such  as  the  indol  resulting  from  pancreatic  diges- 
tion;  but  it  is  certainly  not  antiseptic,  since  bacteria  abound 
and  thrive  in  it,  both  when  removed  from  the  body  and  in  the 
duodenum.  \  - 
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CHAPTER  X. 
FUNCTIONS  OF  THE  INTESTINAL  MUCOUS  MEMBRANE. 

Two  distinct  varieties  of  glands  are  found  in  the  small  intes- 
tine.    Those  known  as   Brunner's  glands  are  localized  to  the 

Fin.  75. 


Portion  of  the  Wall  of  the  Small  Intestines  laid  open  to  show  the  valvulae  conniventes. 

{^Brinton,) 


Fig.  76, 


Drawing  of  Transverse  Section  of  the  Duodenum^  showing  Brunner's  glands,    b,  opening 
into  Lieberkilhn's  follicles,  l;  v,  villi;  m,  muscular  coats. 


subraucosa  of  the  duodenum.     They  are  insignificant  in  number 
when  compared  with  the    second  variety,  called  Lieberkiihn's 
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follicles,  which  are  distributed  over  the  entire  intestinal  tract 
and  are  closely  set  in  the  mucous  membrane. 

Brunner's  glands  form,  in  some  animals,  a  dense  layer  in  the 
submucous  tissue  of  the  beginning  of  the  duodenum ;  they  are 
small  branched  saccular  glands  resembling  mucous  glands  in 


Fig    77 


Section  of  the  Mucous  Membrane  of  Small  Intestine,  showing  Lieberkiihn's  follicles,  a^  with 
their  irregular  epithelium  and  the  villi,  b,  passing  out  of  view ;  c,  muscularis  mucosae  ; 
df  submucous  tissue.    {Cadiat.) 


Structure.  Owing  to  their  small  size  the  secretion  cannot  be 
obtained  in  sufficient  quantity  to  make  satisfactory  experiments 
in  respect  to  its  properties.  It  is  said  to  dissolve  albumin  and 
to  have  a  diastatic  fermentive  action,  so  that  probably  the 
secretion  is  analogous  to  that  of  the  pancreas,  as  Brunner  origi- 
nally supposed.     The  quantity  of  fluid  secreted  by  these  glands 
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is  so  small  that  its  exist- 
ence is  not  taken  into 
account  in  speaking  of  the 
intestinal  juice,  by  which 
is  meant  the  fluid  poured 
out  by  the  innumerable 
short  tubes  or  follicles  of 
the  intestine. 

These  Lieberkuhn' s  fol- 
licles' belong  to  a  very 
simple  form  of  gland,  each 
one  being  a  single  straight 
cavity  in  the  mucous  mem- 
brane! hardly  deep  enough 
to  deserve  the  name  of  a 
tube.  In  the  small  intes- 
tine they  are  set  as  closely 
as  the  villi  permit.  {Y\g. 
77.)  In  the  large  intes- 
tine, where  the  villi  are 
absent,  they  are  more 
closely  set  and  are  also 
deeper.  They  are  bounded 
by  a  thin  basement  mem- 
brane which  is  embraced 
by  a  close  capillary  net- 
work 'of  blood-vessels,  and 
are  lined  by  a  single  layer 
of  cylindrical  or  spherical 
epithelial  cells. 

The  epithelial  covering 
of  the  processes  known  as 
villi,  which  are  studded 
all  over  the  mucous  mem- 
brane of  the  small  in- 
testine, produces  some 
mucus. 
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Method  of  Obtaining  Intestinal  Secretion. 
Considerable  difficulty  has  been  found  in  obtaining  the 
proper  intestinal  juice  free  from  admixture  with  the  secretions 
of  the  liver  and  pancreas  which  are  carried  along  and  mixed 
with  it.  A  short  portion  of  the  small  intestine  has  been  suc- 
cessfully isolated  from  the  rest  without  injuring  the  mesentery 
or  its  blood-vessels.  The  cut  ends  of  the  remaining  parts  of 
the  intestine  were  first  united,  so  that  the  continuity  of  the 
alimentary  tract  was  preserved.  One  extremity  of  the  isolated 
portion  was  closed,  and  the  other  was  retained  by  sutures 
at  an  opening  in  the  abdominal  wall.  Thus,  a  limited  piece 
of  gut,  forming  a  cul-de-sac,  from  which  the  fluid  could  be 
collected,  was  made  accessible  from  a  fistulous  opening. 
(Thiry.)  By  another  method  both  ends  of  the  isolated  piece 
were  attached  to  fistulous  openings,  so  that  its  contents  could  be 
washed  out.     (Vella.) 

Characters  of  the  Secretion. 
The  liquid  obtained  from  such  a  fistula  is  thin,  opalescent, 
and  yellowish,  with  a  strong  alkaline  reaction  and  a  specific 
gravity  of  ion.  It  contains  some  prpteid  and  other  organic 
material,  a  ferment,  and  inorganic  salts  in  which  sodium  carbon- 
ate preponderates. 

Mode  of  Secretion. 

The  secretion  flows  slowly  from  such  a  fistula,  but  the  amount 
increases  during  digestion,  showing  that  the  secretion  of  the 
intestine  is  under  the  control  of  some  nerve  center  which  can 
call  the  entire  tract  into  action  when  one  part  is  stimulated. 
The  local  stimulation  of  the  mucous  membrane  makes  it  red, 
and  causes  it  to  pour  out  a  more  abundant  secretion.  Beyond 
this  little  is  known  of  the  nervous  mechanism  or  the  local  cell 
changes  which  accompany  the  formation  of  the  secretion. 

Functions  of  the  Intestinal  Juice. 
All  the  properties  of  the  secretioi?  of  the  pancreas  have  been 
ascribed    to   the  intestinal '  juice.     The   observations  as  to  its 
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digestive  properties  are  discordant,  for  experiments  have  given 
opposite  results  in  different  animals  and  in  the  hands  of  dif- 
ferent persons,  even  in  the  same  animal.  This  discordance  pro- 
bably arose  from  neglecting  the  important  influence  of  bacteria, 
the  activity  of  some  of  which  simulates  the  action  of  pancreatic 
juice.  Its  action  on  carbohydrates  alone  has  been  definitely 
substantiated. 

The  saccharoses  are  the  only  bodies  affected,  starches, 
dextrins,  etc.,  remaining  unaltered.  Cane  sugar  is  inverted,  i.  e., 
changed  into  equal  quantities  of  dextrose  and  levulose. 

Maltose  is  converted  into  dextrose.  This  is  important,  as  we 
have  seen  that  both  salivary  and  pancreatic  digestion  change 
starch  into  maltose,  yet  the  only  sugar  found  in  the  blood  is 
dextrose.-  This  can  be  explained  by  the  above  action  of  the 
succus  entericus. 

Function  of  Large  Intestine. 

In  the  large  intestine  the  secretion  of  the  long,  closely-set 
Lieberkiihn's  follicles  alone  is  found.  Its  reaction  and  that  of 
the  mucous  membrane  is  alkaline,  but  the  contents  of  the  colon 
are  acid,  owing  to  certain  fermentive  changes  which  go  on  in 
this  part  of  the  intestine. 

Of  the  changes  brought  about  in  the  large;  intestine  by  the 
agency  of  the  digestive  juices  we  know  but  little.  Judging  from 
the  large  size  of  the  cecum  and  colon  in  herbivorous  animals, 
we  are  prompted  to  conclude  that  vegetable  substances  difficult 
of  solution,  such  as  cellulose,  can  be  dissolved  here.  Probably 
this  is  accomplished  only  by  fermentive  action. 

Although  devoid  of  villi,  the  large  intestine  can  certainly 
absorb  readily  such  materials  as  are  in  solution.  As  the  insoluble 
materials, pass  along  the  small  intestines  the  supply  of  fluid  is 
kept  up  to  about  the  same  standard,  the  absorption  and  secre- 
tion being  nearly  equal ;  but  in  the  large  intestine  the  absorp- 
tion of  the  fluid  so  much  exceeds  the  secretion  that  the 
undigested  materials  are  gradually  deprived  of  their  fluid,  and 
are  converted  into  soft,  solid  masses,  which  pass  on  to  be  added 
to  the  feces. 
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Owing  to  its  absorbent  power,  the  large  intestine  forms  a  ready 
channel  by  which  materials  can  be  introduced  into  the  system 
in  cases  in  which  the  stomach  is  too  irritable  to  retain  food. 
We  know  nothing  of  the  special  mechanism  of  digestion  or 
absorption,  if  any  such  exist,  in  this  part  of  the  alimentary  tract. 

Feces. 

The  quantity  of  feces  evacuated  in  the  day  depends  upon  the 
kind  of  diet,  being  greater  with  a  vegetable  than  meat  diet, 
averaging  about  150  grams  a  day  (60-250  grms.).  This  amount 
may  be  greatly  increased  by  partaking  largely  of  indigestible 
forms  of  food.  The  more  rapid  the  passage  of  the  ingesta 
through  the  intestine  the  greater  is  the  amount  of  fluid  remain- 
ing with  the  feces,  so  that  any  stimulant  to  the  intestinal  move- 
nients  reduces  the  consistence  of  the  feces  and  facilitates  the 
evacuation.  The  fetor  depends  in  a  great  measure  on  the  presence 
of  indol,  which  is  an  outcome  of  bacterial  activity  and  also  upon 
the  presence  of  certain  volatile  fatty  acids.  The  color  depends 
upon  the  amount  of  the  bile  pigment  and  the  degree  of  change 
the  latter  has  undergone. 

The  feces  are  composed  of  (i)  the  undigested  parts  of  the 
food  and  (2)  the  useless  or  injurious  parts  of  the  secretions  of 
the  various  glands.  In  the  first  category  we  find  perfectly  indi- 
gestible stuffs,  such  as  yellow  elastic  tissue,  horny  structures, 
portions  of  hairs,  from  animal  food,  and  woody  fiber,  spiral 
vessels  (cellulose)  from  plants,  and  also  masses  of  digestible  sub- 
stances which  have  been  swallowed  in  too  large  pieces  to  be 
thoroughly  acted  on  by  the  secretions.  All  forms  of  food  may 
thus  appear  in  the  feces,  but  vegetable  substances  are  most  con- 
spicuous. 

In  the  second  category — which  with  medium  diet  is  far  in 
excess  of  the  other — we  find  a  variable  quantity  of  mucus  and 
the  decomposed  coloring  matter  of  the  bile,  together  with  some 
cholalic  acid,  cholesterin,  etc. 

A  few  inorganic  substances  are  found,  mainly  those  which 
diffuse  with  difficulty,  as  calcium  salts  and  ammonio-magnesium 
phosphate. 
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Putrefactive  Fermentations  in  the  Intestine. — With 
the  air  and  saliva  which  are  swallowed  mixed  with  the  food, 
large  numbers  of  the  lower  organisms  existing  in  them  are  intro- 
duced into  the  alimentary  canal. 

The  effect  of  these  organisms  is  to  produce  certain  ferment- 
ive  changes  quite  distinct  from  the  action  of  the  special  fer- 
ments of  the  digestive  fluids. 

Large  numbers  of  the  bacteria  swallowed  with  the  food  are 
destroyed  by  the  acid  of  the  gastric  juice,  hence  no  fermentation 
occurs  normally  in  the  stomach.  Though  fermentation  is  vigor- 
ous in  the  alkaline  pancreatic  juice,  it  is  in  the  large  intestine 
that  putrefactive  ferments  have  greatest  effect,  the  acid  reaction 
being  caused  by  the  various  acids  thus  produced. 

On  the  carbohydrates  their  chief  effect  is  the  production  of 
lactic  acid  followed  by  the  butyric  acid  fermentation.  Cellulose 
is  split  up  by  them,  CO2,  CH4,  and  other  products  being  pro- 
duced. This  is  probably  the  only  change  cellulose  undergoes  in 
the  intestinal  tract. 

On  fats  the  action  of  these  ferments  surpasses  that  of  steapsin, 
since  lower  acids  are  produced. 

Proteids  are  hydrated,  but  the  process  does  not  stop  at  the 
stage  of  peptones.  Heraipeptone  is  the  substance  chiefly  affected, 
leucin,  tyrosin,  indol,  skatol,  cresol,  phenol,  sulphureted 
hydrogen,  and  ammonia  being  found  among  the  products  of  the 
change. 

It  is  probable  that  the  bacteria  bring  about  some  results  that 
are  useful  to  the  economy,  for  it  appears  that  some  injurious 
substances  {e.g.,  the  very  poisonous  body,  cholin,  which  appears 
during  the  digestion  of  lecithin)  are  converted  into  harmless 
products  such  as  marsh  gas  and  CO2. 

The  gases  of  the  intestine  consist  of  COj,  CH,,  H,  N,  and 
HjS. 

The  CO2  is  produced  from  carbonates,  acetates,  and  alcoholic 
fermentation  of  glucose,  by  the  putrefaction  of  cellulose,  and 
from  cholin. 

The  CH4  comes  from  the  decomposition  of  cellulose,  cholin, 
etc.     The  H  is  formed  during  the  butyric  acid  fermentation  of 
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lactic  acid.  The  N  is  derived  from  the  swallowed  air.  The 
HaS  comes  from  the  decomposition  of  proteids.  Only  small 
quantities  are  found,  as  it  rapidly  diffuses  through  the  mucous 
membrane  and  is  carried  away  by  the  blood. 

Summary  of  Intestinal  Digestion. 

From  the  foregoing  account  of  the  intestinal  secretions  it 
may  be  seen  that  the  changes  which  the  various  kinds  of  food 
undergo  on  their  way  through  this  part  of  the  alimentary  tract 
are  numerous ;  a  short  review  may  therefore  be  useful. 

When  the  acid  gastric  chyme  escapes  into  the  duodenum  a 
flow  of  bile  takes  place  from  the  gall-bladder,  and  at  the  same 
time  the  secretions  of  the  pancreas,  Brunner's  glands,  and 
Lieberkiihn's  follicles  are  poured  copiously  into  the  intestine. 
The  bile,  meeting  with  the  turbid  fluid  chyme,  causes  it  to  change 
to  a  soft,  cheesy,  granular  mass,  the  appearance  of  which  depends 
chiefly  on  the  precipitation  of  the  albumins,  proteoses,  etc.,  in 
combination  with  the  bile  salts.  The  pepsin  is  rendered  power- 
less, both  it  and  the  bile  acids  being  carried  down  with  the  pre- 
cipitate. Gastric  digestion  is  thus  arrested  and  the  onward  flow 
of  the  fluid  chyme  checked.  As  the  alkaline  pancreatic  and 
intestinal  juices  meet  this  semi-fluid,  cheesy  mass  the  conversion 
of  starch  into  sugar  proceeds  rapidly,  even  the  raw  starch  gran- 
ules being  changed.  The  small  oil  globules  come  in  contact 
with  the  alkaline  mixture  of  bile  and  pancreatic  juice,  and  the 
pancreatic  ferment  steapsin  splits  up  some  of  the  fat  separating 
the  fatty  acid  from  the  glycerin  radicle.  Some  of  the  soda  of 
the  bile  salt  is  substituted  for  the  latter,  and  uniting  with  the 
fatty  acid  forms  a  soap.  In  such  a  mixture  as  this — an  alkaline 
fluid  with  proteid  and  soap  in  solution — a  fine  emulsion  is  readily 
formed. 

The  precipitated  and  finely  divided  proteids  are  presented  to 
the  pancreatic  juice  in  a  form  which  it  can  easily  attack,  and 
thus  their  hydration  goes  on  rapidly. 

How  far  the  peculiar  action  of  trypsin  on  proteids,  converting 
a  part  of  them  into  leucin  and  tyrosin,  goes  on  in  normal 
digestion  is  not  known.     It  is  supplemented  by  the  action  of 
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putrefactive  bacteria,  and  it  is  probable  that  the  production^of 
leucin  and  tyrosin  is  increased  with  the  over-abundant  ingestion 
of  proteid  or  a  purely  meat  diet,  and  is  useful  as  a  means  of 
preventing  the  injurious  effects  of  too  great  proteid  ingestion. 

The  gastric  chyme  is  therefore  completely  changed  in  the 
duodenum,  and  throughout  the  small  intestine  we  find,  in  its 
stead,  a  creamy  fluid  which  clings  to  the  mucous  membrane, 
coats  over  its  folds,  and  surrounds  the  long  villi  of  the  jejunum, 
etc.  This  intestinal  chyme  is  the  form  in  which  the  food  is 
presented  to  the  mucous  membrane  for  absorption.  It  resembles 
somewhat  by  its  whiteness  the  fluid  called  chyle  which  flows  in 
the  lacteals,  and  formerly  was  considered  to  be  identical  with  it. 
This  creamy  coating  is  the  chief  material  found  in  the  upper 
part  of  the  small  intestine,  the  coarser  parts  of  the  food  being 
hurried  onward  by  peristaltic  action  to  the  large  intestine. 

Self-Digestion. 

To>the  interesting  question  why  the  digestive  juices  do  not 
dissolve  the  tissues  of  the  organs  in  which  they  are  contained 
we  cannot  give  a  positive  answer.  ,  If  a  piece  of  the  gastric  wall 
be  ligatured  within  the  stomach,  and  thus  cut  off  from  its  blood- 
supply,  it  is  rapidly  digested,  but  not  because  of  the  loss  of  the 
alkalinity  of  the  blood,  suggested  as  normally  checking  the  acid 
gastric  secretion,  for  this  could  have  no  preventive  effect  in  the 
duodenum.  We  can  no  longer  say  with  John  Hunter  that 
"the  vital  principle"  has  a  protective  influence,  for  we  know 
that  the  fact  of  a  tissue  being  alive  is  not  sufficient  to  ward  off 
the  digestive  action  of  the  alimentary  juices.  The  leg  of  a  living 
frog  (Bernard)  or  the  ear  of  a  rabbit  (Pavy)  are  digested  when 
introduced  through  a  fistula  into  the  stomach  of /a^og.  When 
the  gastric  juice  trickles  from  a  fistula  the  neighboringj  ^in  soon 
becomes  eroded,  the  snout  and  tongue  of  the  apimaj,  owing  to 
its  licking  the  fluid,  are  rapidly  digested,  so'  as  to  destroy  the 
skin  and-even  expose  the  blood-vessels. 

We  must  then  modify  John  Hunter's  statement  by  saying 
that  it  is  not  owing  to  an  abstract  vital  principle,  but  a  special 
resisting  power  dependent   upon'  the  specific  character  of  the 
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vital  processes  of  those  textures  which  manufacture  and  are 
habitually  exposed  to  the  influence  of  the  juices.  Can  we  guess 
wherein  this  resisting  power  lies  ?  There  are  present  in  all  active 
protoplasmic  units  substances  which  are  not  readily  affected  by 
the  digestive  juices,  viz.,  nucleo-albumin  and  nuclein.  May  not 
the  manufacture  of  a  constantly  renewed  protective  coating  be 
part  of  the  functional  activity  of  the  epithelial  cells  throughout 
the  alimentary  canal  ? 
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CHAPTER  XI. 

ABSORPTION. 

The  nutritive  materials  must  be  taken  up  and  distributed  to 
the  textures  and  organs,  in  order  that  the  various  processes 
described  under  digestion  of  the  food-stuffs  may  be  of  any  use 
to  the  economy.  For  this  purpose  they  must  pass  through  the 
lining  membrane  of  the  alimentary  canal  and  gain  access  to  the 
blood,  which  is  the  common  mode  of  intercommunication  be- 
tween the  various  parts  of  the  body. 

The  nutrient  part  of  the  food  has  then  to  be  absorbed  out  of 
the  alimentary'  canal  by  the  surrounding  tissues,  and  mixed  with 
the  general  circulating  fluids,  lymph,  and  blood.  * 

But  the  blood  is  separated  from  the  intestinal  contents  by 
barriers,  which,  as  far,  at  least,  as  the  blood  is  concerned,  are  im- 
passable, although  it  exerts  considerable  pressure,  and  thereby 
tends  to  escape  from  the  blood-vessels. 

The  question  then  arises — How  does  the  elaborated  chyme 
make  its  way  through  this  barrier,  which  is  sufficient  to  prevent 
the  flow  of  blood  into  the  intestinal  tract  ? 

The  general  answer  is  easily  given,  viz.  :  the  blood  cannot 
pass  through  an  animal  membrane.  But  this  is  not  a  satisfactory 
solution  of  the  question,  for  under  certain  abnormal  circumstan- 
ces the  blood  does  pass  through  the  walls  of  the  vessels,  and 
normally  the  plasma  escapes  from  the  capillaries  into  the  tissues, 
in  order  to  nourish  them.  We  must  further  remember,  in  con- 
sidering this  point,  that  the  walls  of  the  vessels  and  the  membrane 
lining  the  intestine  are  both  made  up  of  living  cells  which  are 
endo.wed  with  a  capability,  coincident  with  their  lives,  of  control- 
ling any  passage  through  or  between  them.  Some  of  these  cells, 
which  we  might  call  secreting  agents,  do  allow,  or  rather  cause,  a 
passage  of  fluid  from  the  blood  to  the  intestinal  cavity,  and,  as 
we  shall  presently  see,  others  of  them  induce  a  passage  of  the 
i8 
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nutritious  materials  from  the  intestinal  canal  into  the  surround- 
ing tissues. 

Fig.  79- 


Diagram  showing  the  Course  of  the  Main  Trunks  of  the  Absorbent  System.  The  lym- 
phatics of  lower  extremities,  d,  meet  the  lacteals  of  intestines,  lac,  at  the  recep- 
taculum  chyli,  r.  c,  where  the  thoracic  duct  begins.  The  superficial  vessels  are  shown 
in  the  diagram  on  the  right  arm  and  leg,  s,  and  the  deeper  ones  on  the  left  arm,  d. 

The  glands  are  here  and  there  shown  in  groups.  The  small  right  duct  opens  into  the  veins 
on  the  right  side.  The  thoracic  duct  opens  into  the  union  of  the  great  veins  of  the  left 
side  of  the  neck,  t. 

In  order  clearly  to  understand  the  method  by  which  absorp- 
tion is  accomplished,  it  is  necessary  to  have  some  idea  of  the 
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absorbent  system  generally ;  it  may  be  well,  therefore,  at  this 
place  to  give  a  brief  account  of  the  construction  of  the  special 
apparatus  which  carries  on  this  function.  Although  the  ab- 
sorbent vessels  form  one  continuous  system,  they  may  be 
conveniently  divided  into  two  departments,  namely,  interstitial 
and  surface  absorption.  A  certain  modification  of  the  latter, 
called  the  lacteal  system,  occurs  in  the  alimentary  canal,  and 
is  described  under  intestinal  absorption. 

I.  Interstitial  Absorption. 
The  blood  flowing  through  the  body  in  the  delicate  capillary 
vessels  yields  to  the  various  tissues  a  kind  of  irrigation  stream 
of  plasma,  which,  leaving  the  capillaries,  permeates  every  tissue 
and  saturates  them  with  nutrient  fluid.  The  surplus  of  this 
irrigation  stream  is  collected  and  carried  back  to  the  blood 
current  by  a  special  set  of  fine  narrow  vessels  with  slender 
walls,  called  the  lymph  vascular  system,  which  acts  as  the  drain- 
age of  the  tissues  and  pours  its  contents  into  the  veins. 

Fig.  8o. 


Tendon  of  Mouse's  Tail  Treated  with  Nitrate  of  Silver,  showing  clefts,  or  cell  spaces, 
around  the  bundles  of  fibrils  as  white  patches.  These  interstices  may  be  called  the 
smallest  lymph  channels  or  spaces.    {Scha/er.) 

Wheiv  the  nutrient  fluid  escapes  from  the  capillaries,  it  lies  in 
the  interstices -between  the  tissue  elements,  and  here  bathes  the 
cells  which  commonly  occupy  these  lymph  spaces.     (Fig.  80.) 

Communicating  freely  with  the  interstices  of  the  tissues  are 
irregular  anastomosing  flattened  channels,  which  convey  the 
lymph  or  any  fluid  forced  between  the  tissues  into  vessels 
with  definite  boundaries.     These  vessels,  which  are  lined  with 
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characteristic  endothelium,  form  a  more  or  less  dense  netwo.rk 
of  lymphatic  capillaries,  from  which  spring  the  tributaries  of 
the  lymph  vessels.     (Figs.  8i  and  82.) 

The  lymphatic  vessels  are  throughout  slender,  thin-walled 
channels  with ;  close-set  valves,  usually  in  pairs,  and  frequent 
anastomoses.     They  lie  embedded  in  the  connective  tissue,  and 

Fig.  81. 


Lymph  Channels  from  the  Thoracic  Side  of  the  Central  Tendon  of  the  Diaphragm  of  the 
Rabbit,  Treated  with  Silver  Nitrate.  The  fine  lines  indicate  the  boundaries  of  the 
endothelium  cells  lining  the  lymph  channels.  The  dark  part  shows  the  islets  between 
the  lymphatic  network.    {Klein.) 

when  empty  are  difficult  to  see,  owing  to  the  extreme  thinness 
of  their  coats.  They  converge  toward  a  central  vessel  called 
the  thoracic  duct,  which,  passing  from  the  abdominal  cavity, 
through  the  thorax,  reaches  the  left  side  of  the  rieck,  and  opens 
into  the  angle  of  junction  of  the  two  great  veins  from  the  head 
and  upper  extremity.  (Fig.  79)  On  the  right  side  a  smaller 
trunk  conveying  the  lymph  from  the  right  arm  and  that  side 
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of  the  head,  chest,  and  neck,  opens  into  the  corresponding 
venous  trunks. 

The  thoracic  duct  is  much  larger  than  any  of  the  numerous 
tributaries  which  enter  it  at  close  intervals  from  all  directions. 

Its  lower  extremity  or  point  of  origin  is  an  irregular  dilatation 

Fig.  82. 


Lymphatic  Network  from  between  the  Muscle  Coats  of  the  Intestinal  Wall  with  fine  vessels 
and  many  valves,  causing  the  walls  to  bulge.    (Cadiai,) 


called  the  receptaculum  chyli,  because  the  lymphatic  vessels  from 
the  small  intestines,  or  lacteah,  as  they  are  called,  pour  their 
contents  into  it.  The  chyle  from  the  intestines  thus  flows  into 
the  same  main  channel  as  the  lymph  which  is  derived  from  the 
drainage  of  the  tissues  and  organs  of  the  lower  extremity,  the 
trunk,  and  left  side  of  the  head,  neck,  and  arm,  and  the  two  fluids 
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are  mixed  in  the  receptaculum  chyli  and  other  parts  of  the 
thoracic  duct. 

Lymphatic  Glands,  etc. — Along  the  course  of  the  lym- 
phatic vessels  numerous  small  bodies  called  lymphatic  glands  or 
follicles  are  found,  which  are  composed  of  a  delicate  trelliswork 
of  adenoid   tissue,    packed  with   nucleated   protoplasmic   cells 

Fig.  83. 


Diagram  of  a  Lymphatic  Gland,  showing,  a  I,  afferent  and,  e  /,  efferent  lymphatic  vessels  ; 
c,  cortical  substance ;  M,  medullary  substance ;  c,  fibrous  coat  sending  trabeculae,  t  r, 
into  the  substance  of  the  gland,  where  they  branch,  and  in  the  medullary_  part  form  a 
reticulum ;  the  trabeculse  are  surrounded  by  the  lymph  path  or  sinus,  /  s,  which  separates 
them  from  the  adenoid  tissue,  /  h.     {Sharkey.) 


called  lymph  corpuscles,  the  combination  making  what  is 
known  as  lymphoid  tissue.  (Fig.  83  {IK)  and  84  (a).)  These 
masses  of  cells  and  their  delicate  supporting  reticulum  are 
enclosed  in  a  fibrous  case  or  capsule  from  which  branching 
trabeculse  pass  into  the  gland  and  separate  the  portions  of  lym- 
phoid tissue  from  one  another.  The  lymph  channels  enter  and 
pour  their  contents   through  the  convex  side  of  the  capsule. 


STRUCTURE   OF  LYMPHATIC  GLANDS. 


215 


The  lymph  then  flows  through  irregular  paths,  which  lie  between 
the  lymph  follicles  next  to  the  capsule  and  trabeculse,  and  lead 
to  thes  concavity  of  the  gland  from  which  the  efferent  vessel 
escapes. 

These  lymph  glands  occur  in  groups  in  the  flexures  of  the 
limbs,  the  recesses  of  the  neck,  and  the  thoracic  and  abdominal 
cavities,  a  large  number  being  placed  in  the  mesentery,  in  the 
course  of  the  intestinal  lacteals. 

Fig.  84. 


Section  Through  the  Central  or  Medullary  Part  of  a  Lymphatic  Gland,  showing  adenoid 
tissue,  a^  containing  capillaries,  ^,~and  a  fibrous  trabecula,  c,  cut  across,  showing  a  cen- 
tral artery.    i^Cadiat.) 


In  the  submucous  tissue  of  the  intestine  this  lymphoid  tissue 
is  widely  diffused,  and  here  and  there  arranged  in  small  lolucles, 
which  doubtless  have  a  function  similar  to  that  of  the  lymph 
glatids  found  elsewhere. 

Lymphatic  Vessels. — There  are  various  modes  of  origin  of 
the  lymphat^  vessels  which  are  more  or  less  characteristic  of 
the  different  parts  in  which  they  occur. 

In    the   connective  and   allied   tissues   there   are  variously- 
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formed  fissures  or  clefts  which  can  be  filled  with  fluid  forced 
into  the  tissues  by  puncturing  the  skin  with  the  nozzle  of  a 
fine  syringe,  such  as  is  used  for  hypodermic  injection. 


Fig.  85. 


Endothelium  from  Serous  Surface  without  Stomata  (nitrate  of  silver). 

These  fesures  contain  the  protoplasmic  units  of  the  tissues, 
and  transmit  the  ordinary  transudation  stream  for  nourishing 
the  tissues.     They  freely  communicate  with  one  another,  and 

Fig.  86. 


Endothelium  from  Serous  Surface,  with  Stomata  surrounded  with  granular  protoplasmic  cells. 


lead    into   the   beginnings  of    the  network  of   the  lymphatic 
capillaries. 

The    lymph    capillaries  run    midway    between     the    blood 

capillaries,  and   are  made  up  of  a  single  layer  of  nucleated 
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endothelial  cells,  which  can  be  brought  to  light  by  staining 
with  silver  nitrate. 

In  some,  tissues,  such  as  that  of  the  central  nervous  system, 
liver,  and  bone,  the  lymph  vessels  commence  as  channels  en- 
circling the  blood-vessels,  or  perivascular  lymph  spaces.  Here 
the  lymph  .channels  form  a  kind  of  sheath  for  the  minute  blood- 
vessels, and  pass  along  to  the  connective  tissue  of  the  adventitia 
of  the  larger. 

The  lymph  vessels  may  also  be  said  to  commence  on  the  surface 
of  serous  membranes  which  are  intimately  connected  with  the 
lymphatic  system,  and  may  indeed  be  regarded  as  nothing  more 
than  inordinately  developed  lymph  spaces.  In  most  parts  of 
the  endothelial  surface  of  serous  cavities  are  a  number  of  so- 
called  '  stomata,  or  small  apertures  surrounded  by  a  few  cells, 
which  differ  from  the  ordinary  endothelial  cells  in  many  re- 
spects, afid  probably  have  to  control  the  passage  of  the  fluid 
from  the  serous  cavity  into  the  lymph  vessels.  These  stomata 
are  found  to  be  placed  at  the  commencement  of  the  dense  net- 
work of  lymph  capillaries  which  lies  in  the  subserous  tissue. 

II.  Intestinal  Absorption. 

The  intestinal  absorbents  form  a  special  department  of  the 
lymphatic  system  aiding  nutrition.  On  account  of  the  white 
chyle  seen  as  a  milky  fluid  through  their  transparent  walls, 
they  have  been  called  lacteals.  Their  functions  are  to  take  up' 
the  nutrient  fluid  from  the  intestinal  cavity,  and  to  drain  the 
tissue  in  which  they  lie.  In  order  to  fulfil  these  functions, 
they  are  arranged  in  a  particular  way,  especially  adapted  to  the 
peculiar  construction  of  the  mucous  membrane  lining  this  part 
of  the  alimentary  tract,  which  must  be  briefly  described  before 
the  mechanism  of  absorption  can  be  understood. 

The  most  striking  characteristic  of  the  lining  membrane  of 
the  small  intestine  is  the  existence  of  villi,  which  are  only 
found  in  this  part  of  the  alimentary  tract.  They  consist  of 
nipple-shaped  processes,  projecting  into  the  intestinal  cavity, 
so  closely  set  that  they  have  the  appearance  of  the  pile  of 
velvet ;  and  being  just  visible  to  the  naked  eye,  they  give  the 
19 
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mucous  membrane,  when  washed  and  held  under  water,  a 
peculiar  velvety  look.  By  means  of  these  villi,  and  also  of 
the  ring-like  folds  of  mucous  membrane  in  the  upper  part  of 
the  small  intestine,  the  extent  of  surface  over  which  the  chyme 
has  to  travel  is  greatly  increased. 

The  surface  of  the  villi  is  covered  over  with  a  simple  layer  of 

Fig.  87. 


Section  of  Intestine  of  a  Dog  in  which  the  blood-vessels,  c,  and  the  lacteals,  rf,  have  been 
injected.  The  blind  ending  or  simple  loop  of  the  black  lacteal  is  seen  to  be  surrounded 
by  the  capillary  network  of  the  blood-vessels.    (  Cadiat.) 


columnar  epithelial  cells  in  continuity  with  the  epithelium  lining 
the  rest  of  the  intestinal  tract.  The  free  surface  of  these  cells 
is  marked  by  a  clear  striated  margin  composed  of  a  series  of 
minute  channels  placed  closely  together,  while  the  deep-seated 
end  of  the  cells  is  truncated,  and  appears  to  be  separated  by  a 
basement  membrane  from  the  supporting  retiforni  tissue.     Some 
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of  the  cells  are  seen  to  swell  upon  the  addition  of  certain  re- 
agents, owing  to  their  containing  mucus,  which  gives  them  a 
peculiar  goblet  shape ;  hence  they  are  called  goblet  cells. 
These  occur  at  intervals,  and  some  observers  consider  that  they 
form  a  distinct  variety,  differing  from  the  neighboring  cells  just 
as  the  border  cells  of  the  stomach  glands  differ  from  the  central 
cells.     (Fig.  78,  p.  201.) 

The  body  of  the  villus  is  composed  of  a  very  delicate  kind  of 


Section  of  Single  Lymph  follicle  of  the  Small  Intestine,  showing,  a,  ollicle  covered  with 
epithelium,   ^,^ which  has  fallen  from  the  villi,  c  ;  d,  -IvieberkUhn'^  follicles ;  e,  muscula- 


ris  mucosae^    (Cae/iai.) 


connective  tissue,  forming  a  slender  frame  in  which  a  little  cage- 
like network  of  blood-vessels  surrounds  a  central  lacteal  radicle. 
The  interstices  of  this  connective  tissue  are  filled  with  pale  proto- 
plasmic cells,  like  those  formed  in  the  lymph.  Under  the  base- 
ment membrane  forming  the  foundation  of  the  epithelium  are 
some  unstriated  muscle  cells  which  embrace  the  villus  and  are 
able  to  squeeze  it  and  empty  the  vessels  that  lie  within  it.  The 
lacteal  radicles  which  lie  in  the  villi  are  sometimes  double,  and 
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have  a  communication  with  the  lymph  spaces  of  the  connective 
tissue.  They  frequently  branch  as  they  pass  down  from  the  villi 
to  reach  the  dense  network  of  lacteal  vessels  which  lies  beneath 
the  mucous  membrane. 

The  richness  of  the  lymphoid  tissue  all  through  the  digestive 
mucous  membrane  is  most  remarkable.  At  irregular  intervals 
throughout  the  submucous  tissue  are  found  masses  of  lymphoid 
tissue  similar  to  those  seen  in  packets  within  a  lymph  gland  or 
in  other  lymph  follicles.  These  are  either  isolated  (solitary 
glands)  and  scattered  through  the  entire  alimentary  tract,  or 
collected  into  groups  (agminated  glands  or  Peyer's  patches) 
which  are  restricted  to  certain  parts  of  the  small  intestine. 
Though  called  glands  by  anatomists,  it  should  be  borne  in  mind 
that  they  are  in  no  way  connected  with  the  secretion  of  any  of 
the  intestinal  juices,  but  belong  to  the  absorbing  arrangements  of 
the  intestine.  Around  these  solitary  and  grouped  lymph  follicles 
are  spaces  and  networks  from  which  the  lacteal  vessels  arise. 

Mechanism  of  Absorption. — Formerly  absorption  was 
supposed  to  take  place  by  means  of  the  blood-vessels  alone. 
After  the  discovery  of  lymph  and  chyle  vessels  by  Casper  Aselli, 
the  belief  in  the  direct  absorption  by  the  blood-vessels  was 
abandoned,  and  all  the  work  of  absorption  was  attributed  to  the 
lymphatics.  Now,  however,  ample  evidence  exists  to  show  that 
substances  capable  of  absorption  make  their  way  into  the  blood- 
vessels of  any  part  not  protected  by  an  impermeable  covering, 
like  the  horny  layer  of  the  skin,  and  are  thus  carried  directly  to 
the  general  circulation.  The  share  taken  by  the  blood-vessels 
in  interstitial  absorption  in  the  tissues  is  not  defined,  and  when 
no  impediment  to  the  lymph  flow  exists,  is  probably  small. 

In  the  absorption  from  the  alimentary  tract  the  blood-vessels 
appear  to  take  the  most  important  part,  as  recent  experiments 
seem  to  show  that  the  thoracic  duct  carries  little  else  than  the  fatty 
part  of  the  food. 

We  can  easily  imagine  that  a  surface  covered  by  a  single  layer 
of  epithelial  cells,  with  numerous  blood-vessels  and  a  good 
supply   of    absorbents  beneath   them,  is   capable  of  absorbing 
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materials  in  solution  ;  and  we  know  that  large  quantities  of  fluids 
and  solutions  of  various  materials  are  absorbed  from  the 
stomach  and  large  intestine,  partly,  no  doubt,  by  means  of  the 
lacteals  or  lymphatics,  and  partly  by  the  minute  blood-vessels 
themselves. 

The  small  intestine  seems  to  be  the  part  of  the  alimentary  tract 
which  is  especially  adapted  for  taking  up  the  materials  elaborated 
from  the  food. 

In  the  iipper  part  of  the  small  intestine  the  valvulse  conniventes 
are  most  marked,  and  the  villi  are  long  and  set  closely  together. 
It  is  here  we  find  the  thickest  layer  of  creamy  chyme  covering 
the  mucous  membrane,  but  seldom  any  masses  of  undigested  food. 
All  these  points  tend  to  show  that  the  upper  part  of  the  small 
intestine  is  the  part  specially  adapted  for  absorption.  The 
chyme  which  clings  to  the  mucous  membrane  contains  all  the 
substances  destined  to  pass  into  the  economy.  Into  this  mixture 
the  villi  dip,  so  that  each  villus  is  bathed  in  chyme.  From  what 
has  been  said  of  the  construction  of  the  villi  it  is  obvious  that  such 
an  arrangement  is  well  adapted  to  the  absorption  of  the  nutrient 
material,  which  is  in  the  closest  proximity  to  the  lacteals  and 
blood-vessels. 

Absorption  of  the  Several  Food-stuffs. 

The  various  food-stuffs  in  the  chyme  differ  in  the  degree  of 
readiness  with  which  they  are  absorbed.  Hence  the  mode  of 
absorption  of  its  principal  ingredients  must  be  examined 
separately  in  detail. 

SaUs  and  H^O. — Water  can  be  absorbed  from  the  intestinal 
tract  in  almost  unlimited  quantity,  but  not  solutions  of  salts. 
The  amount  of  the  solution  of  any  salt  capable  of  absorption 
seems  to  depend  on  its  endosmotic  equivalent.  The  lower 
the  endosmotic  equivalent,  the  more  readily  the  solution 
passes  into  the  blood-vessels.  In  those  cases  where  the  equiva- 
lent is  very  high,  such  as  magnesium  sulphate,  there  is  a 
tendency  of  the  fluid  to  pass  out  from  the  blood-vessels  into 
the  intestinal  cavity  j  this  has  been  supposed  to  explain  the 
watery  stools  caused  by  this  and  other  saline  purgatives. 
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Sugars. — Among  the  carbohydrates,  we  need  only  take  into 
account  the  sugars,  for  unchanged  starch  is  but  little  if  at  all 
absorbed.  Only  a  certain  quantity  of  sugar  can  be  taken  up 
by  the  intestinal  absorbents,  since  some  is  found  in  the  feces 
when  the  amount  taken  with  the  food  exceeds  a  certain  quantity. 
Some  of  the  sugar  in  the  intestine  undergoes  fermentation,  by 
which  it  is  converted  into  lactic  aijd  butyric  acid.  The  quantity 
of  sugar  converted  into  lactic  -and  butyric  acid  has  not  been 
determined,  but  the  amount  of  sugar  found  in  the  portal  vessels 
or  lacteals  does  not  correspond  with  that  which  disappears  from 
the  cavity  of  the  intestine. 

We  have  seen  that  starch  is  converted  into  maltose,  and  this 
again  into  glucose  before  absorption.  Cane  sugar  and  lactose 
are  also  converted  into  glucose.  So  that  the  form  of  carbo- 
hydrate absorbed  is  almost  entirely  glucose.  This  enters  dhiefly 
into  the  capillaries,  and  it  is  only  when  a  large  excess  has  been 
taken  that  some  of  it  finds  its  way  into  the  lacteals,  so  entering 
the  blood  via  the  thoracic  duct. 

Proteids. — Proteids,  we  have  seen,  are  changed  into  albumoses 
and  peptones  in  the  stomach  and  intestine,  and  it  is  in  this 
form  that  they  are  chiefly  absorbed.  The  absorption  of  albu- 
minous bodies  begins  in  the  stomach,  and  is  completed  in  the 
small  intestine,  as  only  a  small  quantity  of  proteid  is  found 
in  the  large  intestine  even  after  an  excessive  meat  diet.  The 
more  concentrated  the  solutions  of  albumose  the  more  rapidly  are 
they  absorbed,  and  the  rate  of  absorption  is  greatest  at  iirst  and 
then,  by  degrees,  diminishes.  The  presence  of  free  alkali  is  said 
to  facilitate  this  absorption.  It  is  a  curious  fact  that  neither  in 
the  lacteals  nor  in  the  portal  blood  can  any  proteose  or  peptone 
be  found,  even  during  active  proteid  digestion.  It  is  further 
known  that  albumoses  and  peptones  introduced  directly  into  the 
blood  stream  are  most  violent  poisons,  consequently  they  must 
be  converted  into  other  proteids  before  entering  the  circulation. 

The  only  evidence  that  albumoses,  as  such,  are  absorbed  into 
the  blood,  is  that  they  are  taken  up  by  the  lymph  corpuscles  of 
the  alimentary  tract  and  carried  by  them  to  the  lymph  glands, 
etc.  j  at  least  the  lymph  and  blood  cells  are  said  to  contain  albu- 
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mose  during  proteid  digestion.  The  lymph  cells  thus  seem  to  be 
the  means  of  transport  of  the  albumoses  in  the  blood  current, 
and  possibly  require  this  special  form  of  proteid  for  their  own 
nutrition  and  proliferation. 

We  know  that  soluble  forms  of  albumin  are  to  some  extent 
diffusible  (when  a  solution  of  salt  is  used)  through  a  dead 
animal  membrane.  Even  were  they  quite  indiffusible  this  fact 
would  not  preclude  the  possibility  of  their  passing  through  the 
intestinal  wall,  which  is  a  living  structure,  and  therefore  not 
restricted  by  the  physical  difficulties  controlling  diffusion  through 
an  inanimate  membrane.  If  a  large  amount  of  egg  albumin  be 
taken  into  the  stomach,  it  is  stated  that  some  of  it  appears,  still 
as  egg  albumin,  in  the  urine ;  so  that  it  has  entered  the  blood 
and  left  it  again  as  egg  albumin. 

Again,  proteids  are  absorbed  from  the  large  intestine  under 
conditions  which  preclude  the  possibility  of  their  being  first 
converted  into  proteoses.  Here  again  we  must  attribute  the 
absorption  to  the  vital  action  of  the  intestinal  epithelium,  and 
we  may  conclude  that  some  proteid  is  absorbed  as  ordinary 
soluble  albumin.  But  in  whatever  form  the  albumin  leaves  the 
intestinal  tract  it  normally  becomes  converted  into  special  blood 
albumins  before  it  joins  the  circulation.  Where  the  final  stages 
of  this  conversion  takes  place  is  not  certainly  known,  but  there 
is  good  evidence  that  it  is  effected  by  the  vital  activity  of  the 
cells  of  the  mucous  membrane.  The  absorbed  albumins  pass  by 
the  portal  vessels  to  the  liver. 

A  certain  limit  to  proteid  absorption  exists,  so  that  if  an 
amount  of  albuminous  material  above  the  maximurh  that  can 
be  absorbed  be  eaten,  the  albumins  are  either  converted  into 
leucin  and  tyrosin,  or  thrown  off  with  the  feces. 

I^ats. — In  the  absorption  of  water,  watery  solutions  of  salts, 
sugars,  and  even  proteids,  there  are  no  great  physical  difficulties 
to  be  overcome,  so  that  we  speak  confidently  about  the  mechanism 
of  their  absorption,  though  in  all  probability  many  circumstances 
connected  with  the  life  of  the  epithelial  cells,  etc.,  of  which  we 
are  ignorant,  cooperate  in  bringing  about  the  results.  With  the 
fatty  food-Stuffs  the  difficulty  is  more  obvious.     A  small  quantity 
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of  these  may,  no  doubt,  be  split  up  into  soluble  glycerin  and 
fatty  acids,  which  are  at  once  changed  into  soluble  soaps,  and  in 
this  condition  are  capable  of  simple  osmotic  transmission  into 
the  blood-vessels  or  lacteals.  But  we  know  that  the  greater 
portion  of  fat  appears  in  the  lacteals  in  the  condition  of  a  fine 
emulsion,  i.  e.,  as  solid  particles.  This  process  is  difficult  to 
reconcile  with  our  physical  experiences ;  for  however  finely 
divided,  emulsified  fat  does  not  pass  through  an  animal  mem- 
brane more  freely  than  ordinary  fluid  fat. 

The  view  that  all  the  fat  is  changed  into  a  soluble  form  before 
its  absorption,  and  then  reconverted  by  the  epithelial  cells,  seems 
not  to  be  supported  by  adequate  evidence. 

The  fat  emulsion  is  chiefly  taken  up  by  the  villi  of  the  small 
intestines,  for  in  the  stomach  fat  exists  only  in  large  fluid  masses, 
and  the  amount  found  in  the  large  intestine  is  small,  unless  it  be 
eaten  in  great  excess.  This  can  be  seen  in  examining  the 
absorbent  vessels  after  a  fatty  meal,  when  those  which  carry 
materials  from  the  stomach  and  large  intestine  are  clear  and 
transparent,  while  those  coming  from  the  small  intestines 
are  filled  with  the  white,  milky  fluid  from  which  the  name  of 
lacteals  is  derived.  There  is  a  limit  to  the  absorbent  capacity  of 
the  intestine  for  fatty  matters,  for  when  a  great  excess  of  fat  is 
eaten  it  appears  with  the  excrement,  sometimes  giving  rise  to 
adipose  diarrhea,  thus  showing  that  the  amount  eaten  has  ex- 
ceeded the  limit  that  the  cells  will  absorb. 

The  important  question  remains,  how  does  the  fat  emulsion 
make  its  way  through  the  intestinal  mucous  membrane  ?  That  it 
really  does  so  there  can  be  noshadowof  doubt ;  for  it  disappears 
from  the  intestinal  cavity,  and  can  be  detected  in  the  lacteals 
more  easily  than  any  other  of  the  absorbed  materials. 

By  means  of  osraic  acid,  which  renders  the  fat  granules  black, 
they  may  be  demonstrated  to  occur  in  the  following  situations 
during  the  active  digestion  of  fat.  i.  In  many  of  the  epithelial 
cells  lining  the  villi,  etc.  2.  In  lymph  cells  lying  in  close  rela- 
tion to  the  epithelium  and  others  in  the  lymphoid'tissue  of  the 
villi.     3.  Between  the  epithelial  cells. 

It  has  been  shown   that  while  a  membrane  moistened   with 
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water  acts  as  a  complete  barrier  to  a  fat  emulsion,  and  only  after 
prolonged  exposure  under  high  pressure  allows  traces  of  fat  to 
pass,  the  same  membrane  when  saturated  with  bile  will  without 
much  pressure  permit  the  passage  of  a  certain  amount.  It  has, 
therefore,  been  suggested  that  the  epithelial  cells  of  the  mucous 
membrane  are  more  or  less  moistened  with  bile,  and  the  particles 
of  fat  in  the  emulsion  are  also  coated,  as  it  were,  with  a  film  of 
bile  or  soap.  Thus  they  are  enabled  to  pass  into  the  epithelial 
cells,  in  which  they  can  be  detected.  This  coating  may,  no 
doubt,  aid  the  fat  particles  in  their  transit  through  the  various 
obstacles  met  with  on  their  way  to  the  lacteal  radicles,  but  their 
passage  out  of  the  intestine  cannot  be  explained  in  this  way. 
Many  circumstances  tend  to  the  conclusion  that  the  vital  activity 
of  the  protoplasm  of  the  epithelial  cells  is  the  only  explanation 
we  can  rely  upon.  The  fat  particles  are,  then,  taken  up  by  the 
epithelial  cells  from  the  cavity  of  the  intestine  and  passed  into 
the  lymph  channels. 

'  Another  view  supposes  the  fat  to  be  seized  by  protoplasmic 
processes  of  the  lymph  cells,  which  for  that  purpose  pass  between 
the  epithelial  cells  to  reach  the  surface.  As  the  great  bulk  of 
the  fat  is  free  in  the  fluid  chyle,  and  much  can  be  seen  in  the 
epithelium,  this  cannot  be  the  only  method. 

When  the  fat  is  lodged  in  the  protoplasm  of  these  cells  their 
ameboid  properties  may  convey  it  into  the  delicate  connective 
tissue  of  the  villi  and  the  lacteal  radicle.  During  this  transit  it 
is  changed,  for  in  the  lacteal  radicle  we  notice  that  the  fat  is  in 
a  far  finer  state  of  division  than  it  was  before  being  taken  up  by 
the  epithelial  cell  or  leucocyte,  and  it  is  in  this  very  minute  state 
of  division  that  it  enters  the  blood.  So  that  through  all  the 
stages  of  digestion  and  absorption  of  fats  the  process  of  progres- 
sive subdivision  is  at  work. 

Other  forces,  such  as  the  contraction  of  the  villi,  aid  in  its 
further  progress  to  the  other  lacteal  vessels. 

The  exact  utility  of  the  marginal  bands  of  rods  or  pores  which 
characterize  the  surface  of  the  intestinal  epithelium  is  not  known, 
though  it  has  been  supposed  to  be  connected  with  the  absorp- 
tion of  fats. 
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We  may  conclude,  then,  that  the  passage  through  the  intes- 
tinal wall  of  the  materials  taken  as  food  cannot  be  accomplished 
by  mere  physical  processes,  but  that  the  absorption  of  all  food- 
stuffs is  probably  controlled  by  the  vital  activity  of  the  epithelial 
cells.  The  passage  of  the  fat  can  only  be  explained  by  the 
direct  activity  of  cells  which  by  ameboid  movement  take  up  the 
fine  particles  and  pass  them  on  to  the  interstices  of  the  connec- 
tive tissue  of  the  villi. 

Lymph  and  Chyle. 

As  these  two  fluids  are  generally  mixed  in  the  thoracic  duct, 
whence  the  lymph  is  commonly  obtained  for  examination,  we 
may  discuss  them  together,  though  the  lymph  might  more 
properly  be  considered  with  the  distribution  of  the  nutrient 
materials  to  the  tissues. 

The  fluids  coming  from  the  tissue  drainage,  from  the  lym- 
phatic glands,  and  from  the  lacteals  of  the  alimentary  tract, 
when  mingled  in  the  thoracic  duct,  form  an  opaque  mixture 
which  holds  a  considerable  quantity  of  proteid  in  solution,  and 
contains  a  number  of  morphological  elements,  viz. :  (i),  proto- 
plasmic cells  similar  to  those  found  in  the  lymph  follicles,  and 
in  most  essential  points  identical  with  the  pale  cells  found  in  the 
blood ;  (2),  some  red-blood  corpuscles  which  give  the  fluid  in 
the  thoracic  duct  a  pinkish  color ;  (3),  a  quantity  of  very  finely 
divided  fat,  which  varies  in  proportion  to  the  amount  of  fat 
recently  digested ;  (4),  other  minute  particles  of  unknown  com- 
position and  origin. 

When  removed  from  the  body  and  allowed  to  stand,  the 
lymph  becomes  converted  into  a  soft  jelly.  This  coagulation, 
no  doubt,  depends  upon  some  chemical  changes  in  the  lymph 
which  give  rise  to  fibrin,  the  formation  of  which  will  be  dis- 
cussed more  fully  in  a  future  chapter.  The  amount  of  fibrin 
formed  in  the  lymph  is  small,  and  therefore  the  clot  is  very  soft 
and  shrinks  considerably. 

The  lymph  of  the  thoracic  duct  contains  three  forms  of 
proteid :  (i)  serum  albumin,  which  can  be  coagulated  by  heat ; 
(2)   alkali    albumin    precipitated   by  neutralization,   and    (3) 
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globulin.  It  also  contains  soap  in  solution,  cholesterin,  grape- 
sugar,  urea,  leucin,  and  some  salts,  particularly  sodium  chlorid, 
and  the  sulphates  and  phosphates  of  the  alkalies. 

The  quantity  of  chyle  which  can  be  obtained  from  the  lacteals 
is  small,  and,  therefore,  its  thorough  investigation  is  difficult. 
The  fluid  from  the  lacteals  differs  from  the  mixed  lymph  in 
appearance  and  constitution  only  during  digestion,  and  then 
chiefly  in  containing  a  greater  amount  of  fat  and  solids  derived 
from  the  intestinal  cavity  and  relatively  less  waste  products. 

On  their  way  to  enter  into  the  blood-current  both  the  lymph 
and  chyle  undergo  changes.  Before  passing  through  the 
lymphatic  glands  the  fluid  contains  much  fewer  lymph  corpus- 
cles than  after  it  has  traversed  the  glands :  from  this  fact  and 
from  the  structure  of  the  lymph  glands  we  may  conclude  that 
they  are  the  chief  sources  of  these  white  cells.  The  chyle  of 
the  lacteal  vessel  of  the  mesentery  contains  particles  of  fat 
which  greatly  exceed  in  size  those  found  in  the  thoracic  duct, 
so  we  may  infer  that  the  fat  emulsion  undergoes  a  further  sub- 
division or  modification  on  its  way  through  the  glands  and  the 
lymphoid  tissue  of  the  intestinal  wall. 

Lymph  which  has  been  collected  from  the  lymph  channels 
of  the  extremities  is  an  almost  clear,  colorless  fluid,  rich  in  the 
waste  products  of  tissue  change,  but  containing  less  albumin 
than  that  coming  from  the  main  trunk,  and  no  fat.  After  long 
fasting  the  lymph  from  the  thoracic  duct  has  the  same  characters. 

Lymph  contains  a  considerable  quantity  of  carbonic  dioxid,'; 
about  50  vol.  per  cent.,  some  of  which  is  readily  removed  by 
the  air-pump,  and  is  therefore  said  to  be  absorbed  by  the  fluid, 
while  some  can  only  be  removed  by  the  addition  of  acids,  and 
therefore  must  be  present  in  chemical  combination.  Only  mere 
traces  of  oxygen  have  been  found  in  the  lymph. 

The  quantity  of  chyle  and  lymph  poured  into  the-  blood 
varies  so  much  that  any  estimation  of  the  amount  entering  in 
a  given  time  is  unreliable. 

Thejbllowing  circumstances  upon  which  the  variations  may 
depend  are  instructive : — 

I.  The  ingestion  of  liquid  and  solid  food  causes  a  great  in- 
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crease  in  the  amount  of  chyle.  This  is  obvious  from 
the  change  in  the  state  of  the  lacteal  vessels,  which, 
from  being  transparent  and  almost  empty,  become 
widely  distended  and  white. 

2.  The  activity  of  any  organ  causes  an  increase  of  lymph  to 

flow  from  it. 

3.  Impediment  to  the  return-of   the  venous  blood  from  any 

part  increases  the  irrigation,  and  hence  the  amount  of 
lymph. 

4.  Increase  of  the  amount  or  the  pressure  of  the  blood  flow- 

ing through  any  part  augments  the  lymph  flow. 

5.  The  administration   of   curare   increases    the   amount  of 

lymph. 

The  history  of  the  structural  elements,  or  lymph  corpuscles, 
which  exist  in  such  numbers  in  the  large  lymph  channels 
requires  some  further  discussion,  as  these  cells  are  composed  of 
active  protoplasm  destined  for  some  important  function,  and 
must  be  produced  by  some  vital  process. 

The  origin  of  the  lymph  corpuscle  is  not  restricted  to  any 
one  part  of  the  body  or  to  any  special  organ.  It  has  been 
already  said  that  the  lymphatic  glands  are  the  most  important 
sburce  of  these  cells,  because  the  follicular  tissue  is  filled  with 
them,  and  the  lymph  contains  a  much  larger  number  after  it 
has  passed  through  some  lymph  glands.  In  the  lymphoid 
tissue  of  the  spleen  and  of  the  intestinal  mucous  membrane  they 
are  very  numerous,  and,  no  doubt,  many  have  their  origin  in 
the  follicular  tissue  of  the  spleen  and  intestine.  They  are  said 
also  to  be  formed  in  the  red  marrow  of  the  bones.  Although 
their  number  is  relatively  small,  lymphatic  cells  occur  even  in 
those  lymph  channels  that  have  not  yet  met  with  a  lymphatic 
gland,  and  these  cells,  no  doubt,  come  from  the  blood,  which 
contains  many  cell  elements  identical  with  the  lymph  cells 
found  in  the  lymphatic  duct.  These  cells,  when  they  arrive  at 
the  minute  blood-vessels,  sometimes  leave  the  vessels  and  creep 
by  ameboid  movements  into  the  interstices  of  the  tissue  with 
the   irrigation  stream  {diapedesis).      They  may  abide  in   the 
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tissue,  or  be  washed  into  the  larger  lymph  channels  with 
the  surplus  stream  of  lymph.  When  the  abnormal  increase  of 
activity  in  a  tissue,  known  as  inflammation,  occurs,  this  escape  of 
the  white  cells  from  the  blood  takes  place  with  great  rapidity, 
and  the  stages  in  the  process  can  be  watched  under  the  mi- 
croscope. 

Still  another  source  of  the  lymph  cells  may  be  from  prolifer- 
ation of  the  cells  which  lie  in  the  tissues.  The  fixed  tissue  cells 
are  said  to  be  capable  of  producing  elements  identical  with 
lymph  cells,  which  by  division  possibly  miiltiply  and  may  be 
carried  along  by  fhe  lymph  stream  as  lymph  cells. 

The  cells  which  accumulate  in  enormous  numbers,  as  pus,  when 
an  abscess  forms,  are  structurally  identical  with  lymph  cells, 
and  probably  arise  from  these  combined  sources,  viz.,  escape 
from  the  blood-vessels  and  proliferation  of  the  tissue  cells. 

The  lymph  cells,  therefore,  whether  they  have  their  origin 
in  lymphoid,  splenic,  or  connective  tissue,  perform  a  kind  of 
circuit,  going  with  the  lymph  into  the  blood,  and  are  distributed 
with  the  latter  to  the  tissues,  whence  they  may  be  once  more 
carried  into  the  lymph  stream. 

Movement  of  the  Lymph. 

In  some  of  the  lower  animals  small  vascular  sacs  occur  in  the 
course  of  the  main  lymph  channels,  which  pump  the  lymph  into 
the  great  veins  by  contracting  rhythmically,  much  in  the  same 
way  as  the  heart. 

In  man  and  the  higher  animals  no  such  lymph-hearts  have 
been  found  j  the  onward  movement  of  the  fluid  therefore  depends 
on  the  pressure  under  which  the  irrigation  stream  leaves  the 
blood-vessels.  The  fluid  in  the  blopd-vessels,  as  we  shall  pres- 
ently see,  is  under  considerable  pressure,  which  causes  a  nutrient 
fluid  to  leave  the  capillaries.  Hence,  if  a  lymphatic  trunk  be 
tied  its  tributaries  are  filled  witli  lymph  until  a  considerable 
pressure  (8-10  mm.,  soda  solution)  is  developed  in  their  radicles. 

While  the  pressure  exerted  on  the  small  tributaries  of  the 
lymph  channel  may  become  considerable,  that  in  the  thoracic 
duct   is    invariably  very  low  for  the  following  reasons :    The 
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blood  in  the  large  veins  into  which  the  duct  opens  is  under  less 
pressure  than  in  any  other  pkrt  of  the  vascular  system,  owing 
to  the  thoracic  suction,  or  negative  pressure  in  the  thorax, 
caused  by  the  elastic  traction  of  the  lungs.  In  fact,  the  pressure 
in  the  large  veins,  e.g.,  brachial,  etc.,  varies  from  o  mm.  to 
-5  mm.  Hg.,  and  that  in  the  venae  cavae  is  always  negative,  except 
in  sudden  or  forced  expiration,  and  varies,  according  to  the  period 
of  the  respiratory  rhythm,  from  -8  mm.  in  inspiration  to  -3mm. 
in  expiration. 

The  fact  that  the  lymph  at  the  origin  of  the  small  channels 
may  attain  a  pressure  of  8  to  10  mm.  of  water,  whilst  at  the 
entrance  to  the  vein  it  is  a  minus  quantity,  would  be  sufficient 
to  explain  the  movement,  even  if  there  were  no  other  force 
aiding  it. 

It  must  be  remembered  that  every  lymph  vessel  is  furnished 
with  closely  set  valves,  which  prevent  the  fluid  it  contains  from 
being  forced  backward,  so  that  any  accidental  local  pressure 
exercised  on  the  exterior  of  a  lymph  channel  must  help  the 
fluid  onward  to  the  veins.  Along  their  entire  extent  these 
vessels  are  subject  to  certain  pressures  which  materially  aid  the 
flow  of  the  lymph  stream.  The  first  of  these  is  the  pressure 
exerted  on  the  sinall  vessels  by  the  movement  of  the  muscles  in 
the  neighborhood.  The  second  is  the  unequal  distribution  of 
atmospheric  pressure,  which  has  full  force  on  the  peripheral 
channels,  but  is  kept  off  the  thoracic  duct  and  its  termination, 
as  already  mentioned,  by  the  rigidity  of  the  thoracic  wall,  which, 
together  with  the  tendency  of  the  elastic  lungs  to  shrink,  causes 
a  permanent  negative  pressure  in  the  thoracic  cavity  through 
which  the  duct  passes.  And  lastly,  the  thin-walled  lymphatics 
are  everywhere  surrounded  with  very  elastic  textures,  enclosed  in 
an  elastic  skin,  which  exert  an  amount  of  pressure  sufficient  to 
empty  and  press  together  the  walls  of  the  vessels  after  death,  and 
therefore  during  life  must  have  considerable  influence  upon  the 
fluid  they  contain. 

The  movements  of  the  chyle  depend  on  the  same  forces,  with 
the  addition  of  the  power  used  in  the  contraction  of  the  villi. 
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which  pump  the  chyle  from  the  lacteal  radicles  into  the  net- 
work of  valved  vessels  in  the  submucous  tissue. 

The  commencements  of  the  thoracic  duct  and  the  lacteals  are 
placed  in  the  abdominal  cavity,  and  therefore  are  constantly 
under  the  influence  of  the  positive  pressure  exerted  by  the 
abdominal  wall  on  the  contained  viscera.  The  rest  of  the  duct 
is  in  the  thorax,  where  the  pressure  is  habitually  negative. 
Certain  variations  coincident  with  inspiration  and  expiration 
take  place  in  both  these  cavities,  and  must  aid  the  onward  flow 
of  fluid  in  a  vessel  containing  valves  so  closely  set. 

Although  no  difficulty  exists  in  explaining  the  onward  flow 
of  lymph  and  chyle  on  purely  physical  grounds,  there  are  some 
points  connected  with  pathological  slowing  of  the  flow,  edema, 
which  tempt  us  to  believe  that  -  chemical  or  perhaps  vital  pro- 
cesses have  also  a  share  in  the  perfect  drainage  of  the  tissues. 


232  MANUAL   OF   PHYSIOLOGY. 


CHAPTER  XII. 
THE  CONSTITUTION  OF  THE  BLOOD. 

.  In  all  animals  except  those  which  form  the  lowest  class  (Pro- 
tozoa) the  distribution  of  the  nutritious  materials  to  the  various 
parts  of  the  body,  as  well  as  the  collection  of  the  effete  matters 
prior  to  their  expulsion,  is  carried  on  by  the  medium  of  a  fluid 
which  circulates  throughout  the  different  parts  of  the- body.  This 
fluid  is  the  blood. 

In  vertebrate  animals  the  blood  passes  through  a 'closed  system 
of  elastic  pipes  and  is  kept  in  constant  motion  by  the  action  of  a 
muscular  pump.  It  is  first  forced  through  strong,  branching 
canals  called  arteries,  whose  walls  gradually  become  thinner  as 
the  branches  get  smaller,  and  end  in  a  network  of  delicate  channels 
(capillaries),  through  which  it  slowly  trickles  into  the  wide  soft- 
walled  veins,  by  means  of  which  it  flows  gently  back  again  to  the 
heart.  In  its  course  it  receives  the  nutritive  materials  from 
the  stomach  and  intestines  during  digestion,  the  specially 
elaborated  substances  from  the  liver,  spleen,  and  lymph  glands, 
and  the  oxygen  absorbed  from  the  air  in  the  lungs.  In  short,  it 
contains  and  bears  to  their  destination  all  the  materials  required 
for  the  chemical  changes  of  the  economy. .  While  passing  through 
the  capillary  networks  of  the  various  tissues,  it  takes  up  the  waste 
materials  resulting  from  the  tissue  changes  and  bears  them  to 
their  proper  point  of  exit  from  the  body ;  at  the  same  time  the 
nutriment  oozes  through  the  delicate  vessel  walls  and  is  diffused 
in  the  tissues. 

General  Characteristics  of  the  Blooid. — The  blood  of 
vertebrate  animals  is  of  a  bright  scarlet  color  when  exposed  to 
the  oxygen  of  the  air,  but  when  deprived  of  oxygen  it  becomes 
a  dark,  purplish  red. 

The  blood  is  remarkably  opaque,  as  may  be  seen  by  placing  a 
thin  layer  on  a  piece  of  glass  over  the  page  of  a  book.     This 
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opacity  depends  on  the  fact  that  the  blood,  as  will  presently  be 
seen,  is  not  a  red  fluid,  but  owes  its  color  to  the  presence  of 
solid  red  particles  or  corpuscles  which  float  in  a  clear,  pale  fluid. 
The  blood  has  a  peculiar  smell  (halitus),  distinct  in  different 
animals  and  man,  dependent  on  certain  volatile  fatty  acids.  Its 
specific  gravity  varies  from  1045  to  1075,  the  average  being 
1055.  The  solid  parts  (corpuscles)  are  heavier  (sp.  gr.  1105) 
than  the  liquor  sanguinis  (1027). 

When  first  shed  the  blood  has  a  slippery  feel,  which  it  soon 
loses,  becoming  viscous  as  it  passes  into  the  first  stage  of  coagu- 
lation. 

Amount  of  Blood  in  the  Body. — The  total  amount  of 
blood  has  been  estimated  to  be  from  -jV  to  T<r  °f  ''^^  body  weight 
for  an  adult  man,  and  somewhat  less  for  a  new-born  child. 

Much  difficulty  has  been  found  in  arriving  at  an  accurate 
estimation  of  the  amount  of  blood  in  the  body.  In  the  first 
place,  all  the  blood  cannot  be  made  to  flow  out  of  the  vessels  of 
an  animal  when  it  is  killed.  Secondly,  the  quantity  and  quality 
of  blood  are  constantly  varying  with  the  capacity  of  the  blood- 
vessels. Thirdly,  when  slowly  withdrawn  from  the  body  during 
life  it  is  rapidly  Replaced  by  more  fluid  passing  into  the  blood- 
vessels. This  explains  the  enormous  quantity  of  blood  occasion- 
ally reported  to  be  shed  in  cases  of  bleeding  to  death.  In  these 
cases,  as  quickly  as  the  blood  is  lost,  fluid  is  absorbed  by  the 
blood-vessels,  so  that  if  the  bleeding  be  gradual  the  standard 
quantity  is  still  kept  up  in  the  vessels.  Thus  the  very  sudden 
loss  of  a  comparatively  small  quantity  of  blood  may  cause  death, 
whereas,  if  the  bleeding  go  on  sufficiently  slowly  and  gradually, 
as  much  or  even  more  in  quantity  than  normally  exists  in  the 
'entire  body  may  escape  without  fatal  result.  Of  course,  much  of 
this  is  fluid  which-  has  only  recently  entered  the  vessels. 

Weber's  Method. — The  percentage  of  solid  matters  in  the 
blood  is  first  carefully  estimated.  The  absolute  quantity  of 
solids  in  all  the  blood  that  can  be  drawn  is  then  ascertained  and 
added  to  the  solids  obtained  by  washing  out  the  blood-vessels. 
Here  an  error  arises  from  the  fact  that,  in  washing  out  the  blood- 
20 
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vessels,  much  solid  matter  besides  that  belonging  to  the  blood  is 
taken  from  the  tissues  and  thus  an  excess  is  found. 

Valentine's  Method. — A  small  measured  quantity  of  blood  is 
drawn  from  a  vein  and  its  percentage  of  solids  accurately  esti- 
mated ;  a  known  quantity  of  water  is  then  injected  into  the 
vessels.  When  some  time  has  been  allowed  for  the  distribution 
of  the  water  a  sample  of  the  diluted  blood  is  taken  and  its  solids 
estimated.  The  difference  in  solid  contents  of  the  two  samples 
shows  the  degree  of  dilution  caused  by  a  known  quantity  of 
water  introduced  into  blood  of  ascertained  strength,  and  thus 
the  amount  of  the  diluted  fluid  (the  blood)  may  be  calculated 
and  added  to  the  amount  of  the  first  sample  to  make  the  abso- 
lute quantity. 

This  method  cannot  give  accurate  results,  because  in  the  time 
necessary  for  the  distribution  and  mixture  of  the  water  the 
density  of  the  circulating  blood  is  readjusted,  some  water  being 
excreted  by  the  kidneys  and  skin,  and  the  second  sample  of 
blood  is  more  concentrated  than  it  should  be  from  such 
dilution. 

Welcker's  Method  depends  upon  the  estimation  of  the  color- 
ing matter  of  the  blood.  He  connected  the  carotid  with  a 
small  T-piece,  and  allowed  the  animal  to  bleed  into  a  bottle  in 
which  the  blood  cojild  be  defibrinated  by  shaking  with  pieces  of 
glass.  One  cubic  centimeter  of  this  defibrinated  blood  was 
carefully  measured  off  and  saturated  with  carbon  monoxid 
(CO),  which  gives  a  permanent  and  equally  bright  red  color 
independently  of  the  oxygen  of  the  air.  It  was  diluted  to  500 
c.c.  with  distilled  water  and  kept  as  a  standard  color-solution. 
The  blood-vessels  of  the  animal  were  then  washed  out  with  .6 
per  cent,  solution  of  sodium  chlorid  until  the  solution  flowing 
from  the  jugular  vein  was  colorless.  The  tissues  of  the  animal ' 
were  chopped  up,  steeped  in  water,  and  pressed.  The  washings 
of  the  vessels  and  the  infusion  from  the  tissues  were  added 
together  and  diluted  until  they  had  the  same  color  intensity  as  a 
layer  of  the  standard  solution  of  the  same  thickness.  Eyery 
500  c.c.  of  these  diluted  washings  corresponds  to  i  c.c'., of 
bloSd. 
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By  this  method  the  following  estimates  have  been  made  of  the 
relation  of  the  blood  to  the  body  weight : — 


Mouse, ^ — j-V 

Guinea  Pig, tV— A 

Rabbit, ^^-^ 

Dog A-xV 

Cat A 

BM.    ■  •  iV-tV 

Frog, J5— jV 

Only  approximate  estimates  of  the  distribution  of  blood  in 
the  body  during  life  can  be  made,  since  there  can  be  no  accurate 
method  of  investigation,  and  the  amount  varies  considerably 
according  as  the  organ  or  part  is  in  a  state  of  rest  or  activity. 
It  is  supposed  that  a  quarter  of  the  entire  amount  is  habitually 
flowing  through  each  of  the  following  regions : — 

1.  The  heart,  great  vessels,  and  lungs. 

2.  The  skeletal  muscles. 

3.  The  liver. 

4.  Skin  and  other  tissues. 

Physical  Construction  of  the  Blood. — As  already  stated, 
the  blood  is  not  really  a  red  fluid. 
It  is  seen  with  the  microscope  to  "^' 
be  made  up  of  a  clear  fluid  called 
plasma  or  liquor  sanguinis,  which 
contains  an  immense  number  of 
little  disc-shaped  bodies — red  cor- 
puscles  and   some   colorless  pro-    Human  Blood  after  Death  of  the  Elements. 

,  .  , ,  ,  .  ,  The  red  corpuscles  are  seen  in  different 

toplasmic    cells white    corpuscles        positions,  showing  their  shape.    Some 

,  ,       ,.    .  ,  .        J  ,  also  are  seen  in  rolls.    Only  one  white 

so  that  the  living  blood  may   be        cell,  w,  is  seen,  misshapen  and  entangled 

1        .      1,        iT_i._j  ■■  in  fibrin  threads. 

physically   tabulated,    giving   ap- 
proximately an  estimation  of  the  relative  amounts,  thus : — 

C  Plasma  or  Liquor  Sanguinis- 


Blood-I  o  rj        r-  1    f  Red  discs  "I       . 

I  Solid  or  Corpuscle  <  cMe.         \  — i 

Plasma. 
The  fluid  part  of  the  blood,  or  plasma,  is  of  a  pale  straw  color, 
when  pure  and  free  from  the  coloring  matter  of  the  corpuscles. 
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Unless  special  precautions  have  been  taken  the  plasma  is 
altered  when  removed  from  the  blood-vessels  and  coagulation  of 
the  blood  takes  place,  so  that  plasma  does  not  come  under  obser- 
vation, except  when  suitable  methods  are  employed  to  separate 
it  from  the  corpuscles.  It  was  first  separated  from  the  corpuscles 
by  the  filtration  of  frog's  blood  to  which  strong  syrup  had  been 
added  to  delay  coagulation  and  destroy  the  flexibility  of  the 
corpuscles,  so  that  they  were  caught  in  the  meshes  of  the  filter 
and  the  clear  plasma  passed  through. 

^o  obtain  mammalian  plasma  free  from  corpuscles  it  is  neces- 
sary to  use  some  other  method,  as  the  small  elastic  corpuscles 
easily  run  through  the  meshes  of  the  finest  filter-paper. 

The  blood  of  the  horse  is  chosen  because  it  coagulates  more 
slowly  than  that  of  most  mammals,  and  delay  in  the  coagulation 
or  postponement  of  the  change  in  the  plasma  is  the  chief  object 
to  be  obtained.  To  increase  this  delay  the  blood  is  drawn  from 
a  vein  into  a  cylinder  surrounded  with  ice.  The  cold,  however, 
must  not  be  so  intense  as  to  completely  freeze  the  blood,  for  the 
wished-for  subsidence  of  corpuscles  could  not  go  on  if  the  blood 
became  solid.  It  is  then  left  quite  motionless  for  24  hours,  after 
which  time  it  will  be  found  that  the  heavy  corpuscles  have  fallen 
and  left  a  clear  supernatant  fluid,  which  is  plasma  containing  a 
few  white  cells.  This  can  be  removed  with  a  cool  pipette  and 
passed  through  an  ice-cold  filter  to  remove  the  cells;  thus 
tolerably  pure  plasma  is  obtained  which  soon  coagulates  at  the 
ordinary  room  temperature. 

Another  method  of  checking  coagulation  consists  in  letting 
the  blood  flow  into  a  25  per  cent,  solution  of  magnesium  sulphate 
(about  four  volumes  of  blood  to  one  of  the  solution).  This,  if 
left  in  a  cool  place,  will  not  coagulate,  and  the  corpuscles  will 
separate,  by  subsidence,  from  the  plasma  and  salt  solution,  which 
form  an  upper  layer  of  clear  fluid.  If  the  salt  be  removed  by 
dialysis  or  weakened  by  dilution  with  water  coagulation  com- 
mences. 

A  third  method  consists  in  receiving  the  blood,  as  it  is  shed, 
into  a  solution  of  potassium  oxalate.  This  precipitates  the  cal- 
cium oxalate  of  lime  and  so  prevents  coagulation. 
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The  coagulation  of  plasma  can  be  seen  with  the  microscope  to 
depend  upon  the  appearance  of  a  close  network  of  exquisitely 
delicate,  finely  granular  elastic  fibrils,  which  pervade  the  entire 
fluid  and  cause  it  to  set  as  a  soft  jelly.  The  substance  forming 
the  meshes  is  called  ^in'n. 

Some  time  after  the  plasma  has  gelatinized  the  threads  of 
fibrin  break  away  from  their  attachment  to  the  vessel  in  which 
the  coagulum  is  contained,  and,  owing  to  their  elasticity,  the 
general  mass  of  fibrin  contracts,  squeezing  out  of  its  meshes  clear 
drops  of  a  fluid  termed  seruvi. 

The  fibrin  clot  gradually  shrinks  to  small  size  and  floats  in  the 
abundant  fluid  serum. 

The  separation  of  the  serum  is  accelerated  by  agitation  of  the 
soft  clot ;  and  if  brisk  agitation,  such  as  whipping,  be  kept  up 
for  a  few  minutes  in  recently  drawn  blood,  the  plasma  does  not 
form  a  jelly,  but  the  fibrin  firmly  adheres  to  the  stirring  rods  and 
at  once  contracts  around  them. 

Chemical  Composition. — The  specific  gravity  of  plasma  is  about 

1027.     It  is  alkaline  in  reaction.     It  contains  about  ten  per  cent. 

of  solid  matter,  of  which  three-quarters  are  of  a  proteid  nature. 

It  'also  contains  gases  in  solution.     In  loo  volumes  of  plasma 

there  were  found  of — 

Oxygen, 0.26  vols. 

Nitrogen 2.24     " 

Carbonic  acid, 35-26    " 

The  proteids  consist  of  fibrinogen,  serum-globulin,  and  serum- 
albumin. 

I.  Fibrinogen. — This  may  be  prepared  from  plasma  or  from 
serous  effusions  in  the  following  ways : — 

(ffi)  The  solution  containing  fibrinogen  is  mixed  with  an 
equal  volume  of  saturated  sodium  chlorid.  This  pre- 
cipitates the  fibrinogen,  whicli  is  collected  on  a  filter 
and  washed  with  a' half  saturated  solution  of  sodium 
chlorid.  The  precipitate  is  then  dissolved  by  the 
addition  of  distilled  water ;  sufficient  sodium  chlorid 
adheres  to  the  precipitate  to  enable  the  distilled  water 
to  dissolve  it.    ' 
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{b)  Plasma  is  diluted  with  15  times  its  volume  of  water,  and 
a  stream  of  COj  gas  passed  through.  This  precipitates 
serum-globulin,  which  is  filtered  off.  The  filtrate  is 
further  diluted  and  CO2  again  passed  through  it;  the 
precipitate  which  now  forms  is  fibrinogen,  but  not  in 
so  pure  a  condition  as  that  attained  by  method  (a). 
It  is  found  to  have  the  following  properties : — 

(d)  The  addition  of  fibrin  ferment  causes  the  formation  of 

fibrin,  /.  e.,  coagulation. 
(3)  It  is  coagulated  by  heat  at  the  low  temperature  of  56°  C. 
(r)  It  is  a  globulin,  i.e.,  it  shows  the  following  characteris- 
tics : — 

(i)    Insolubility  in  distilled  water, 
(ii)    Solubility  in  weak  solutions  of  neutral  salts, 
(iii)  Precipitation   by  saturating  the   solution   with 

NajSO,,  NaCl,  or  MgSO,. 
(iv)  Coagulation  by  heat. 
It  is  important  to  note  that  half  saturation  with  NaCl  is  suflS- 
cient  to  precipitate  fibrinogen. 

The  quantity  of  fibrinogen  present  in  blood  is  only  about 
■^-^  of  the  total  amount  of  prOteid. 

2.  Serum-globulin. — This  may  be  obtained  from  plasma  after 
the  removal  of  fibrinogen  by  method  {a),  by  complete  saturation 
of  the  filtrate  with  sodium  chlorid.  This  precipitate  is  col- 
lected, washed  with  a  saturated  solution  of  sodium  chlorid,  and 
dissolved  by  adding  distilled  water.  It  is  usually,  however,  pre- 
pared from  serum,  where  it  occurs  unaccompanied  by  fibrinogen, 
and  its  preparation  is  consequently  easier.  The  following  are 
some  of  the  methods  used  : — 

{a)  Dilute  serum  with  a  very  large  bulk  of  distilled  water. 
This  lowers  the  percentage  of  salts  so  considerably 
that  the  globulin  is  precipitated. 
{b)  Dilute  serum  with  15  times  its  bulk  of  water,  and  then 
pass  a  stream  of  COj  through.  The  globulin  is  pre- 
cipitated, 
(c)  Saturate  with  neutral  salts,  such  as  MgSOj,  NajSOj,  or 
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NaCl.  This  is  the  most  useful  and  generally  employed 
'  method. 

Serum-globulin  as  thus  obtained  shows  the  characteristic 
properties  of  a  globulin. 

The  temperature  at  which  it  coagulates  is  75°  C. 

3.  Serum-albumin. — This  is  the  proteid  remaining  in  solution 
after  the  complete  precipitation  of  fibrinogen  and  serum-globulin 
from  plasma.  It  may  be  obtained  from  such  a  solution  by  the 
following  methods : — 

(«)  If  the  filtrate  is  already  saturated  with  MgSOi,  NajSOi 
is  now  added  to  saturation.     The  double  salt,  sodio- 
magnesic  sulphate  (Na2SO1.MgSO4.6H2O),  is  formed, 
and   this    precipitates   the   serum-albumin,  which   is 
caught  on  a  filter,  washed  with  a  saturated  solution 
of  the  double  salt,  and  then  dissolved  in  distilled  water. 
(J>)  Plasma  freed   from   the  globulins  by  any  method   is 
saturated  with  ammonium  sulphate  (NH4)2S04.     The 
serum-albumin  is  then  precipitated. 
Serum-albumin  has  the  following  properties : — 
{a)  It  gives  the  ordinary  proteid  reaction. 
(3)  It  is  soluble  in  distilled  water  or  in  solutions  of  neutral 

salts. 
{/)  It  is  not  precipitated  by  saturation  with  either  Na2S04, 

MgS04,  or  NaCl,  singly. 
((/)  It  is  precipitated  by  saturation  with  the  double  salt, 

Na2SO4.MgSO4.6H2O,  or  with  (NH4)2S04. 
{e)  It  is  coagulated  by  heat. 
(The  above  reactions  show  that  it  belongs  to  the  class  of  albu- 
mins.) 

(/)  It  is  not  precipitated  by  ether. 

(^)  It  is  precipitated  by  strong  HCl,  but  the  precipitate 

dissolves  on  adding  excess  of  acid. 
(Ji)  If  its  solution  be  heated,  a  coagulum  appears  at  73°  C. 
If  this  be  filtered  off  and  more  heat  applied,  a  second 
coagulum  appears  at   77°  C,  and  again  a  third  at 
84°  C. 
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The  Extractives  found  in  plasma  consist  of: — 
(i)  Urea  and  uric  acid,  in  small  quantities. 

Kreatin  and  hippuric  acidj  in  still  smaller  quantities, 
(ii)  Dextrose,  in  small  quantities, 
(iii)  Fatty  matters,  which  may  be  extracted  by  ether. 

These  are  far  more  abundant  after  a  meal  rich  in  fat. 
Small  quantities  of  cholesterin  and  lecithin  are  also 
present. 

TTie  Salts. — Of  these  sodium  chlorid  is  by  far  the  most 
abundant;  potassium  chlorid,  sodium  carbonate,  phosphates  of 
Ca,  Mg,  and  Na,  and  small  amounts  of  sulphates  also  occur.  It 
should  be  remembered  that  the  amount  of  sodium  salts  present 
in  plasma  is  about  lo  times  as  great  as  that  of  the  potassium 
salts. 

Fibrin. 
Fibrin  may  be  procured  either  from  (i)  plasma,  (2)  serous 
effusions,  e.g.,  hydrocele  fluid,  (3)  solution  of  pure  fibrinogen. 


Fig.  90. 


Fibrin  Threads  after  Staining  has  made  them  Visible.    The  network,  ^,  appears  to  start 
from  granular  masses,  the  remains  of  cells,  or  blood-platelets,  a.    {Kanmer.) 
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by  adding  fibrin-ferment,  or  (4)  blood,  by  whipping  and  then 
washing  the  insoluble  product  with  water.  When  fresh  it  has  a 
pale  yellow  or  whitish  color,  a  filamentous  structure,  and  is  sin- 
gularly elastic.  It  is  not  soluble  in  water,  weak  saline  solution, 
or  ether.  It  is  soluble  with  difficulty  in  a  ten  per  cent,  solution 
of  sodium  chlorid  or  of  magnesium  sulphate.  Alcohol  makes 
it  shrink  by  removing  its  water.  When  quite  dry  it  is  brittle 
and  hard,  and  can  be  reduced  to  a  powder.  It  swells  in  one  per 
cent,  hydrochloric  acid,  and  if  warmed  is  converted  into  acid 
albumin  and  after  some  time  albumoses.  It  is  readily  dissolved 
by  gastric  or  pancreatic  juice. 

The  amount  formed  varies  very  much  even  in  the  blood  drawn 
from  the  same  animal  at  the  same  time,  but  is  always  very  small 
compared  with  the  size  of  the  blood-clot.  It  never  reaches  as 
much  as  one  per  cent.,  commonly  varying  from  o.i  per  cent,  to 
0.4  per  cent,  of  the  entire  mass  of  blood. 

Serum. 

This  name  is  given  to  the  clear  fluid  which  oozes  out'of  the 
clot  of  plasma.  It  is  a  clear,  straw-colored,  alkaline  fluid  of 
1026-1027  sp.  gr.  After  a  full  meal  the  serum  is  slightly  milky, 
from  the  presence  of  finely  divided  fat. 

It  contains  about  ten  per  cent,  of  solid  matters,  of  which  three- 
quarters  are  proteids. 

The  Proteids  zx?: : — 

r.  Serum- globulin. 

2.  Serum-albumin. — These  have  been  described  under  Plasma. 

3.  Fibrin-ferment. — This  is  prepared  by  Schmidt  in  the  fol- 
lowing manner :  Serum  is  mixed  with  about  15  times  its  bulk 
of  absolute  alcohol,  which  precipitates  all  the  proteids,  fibrin- 
ferment  among  them.  This  mixture  is  kept  for  six  weeks,  and 
then  the  precipitate  is  collected,  washed  with  absolute  alcohol, 
and  dried  at  a  low  temperature.  Water  takes  the  fibrin-ferinent 
into  solution,  but  does  not  dissolve  any  other  proteid,  if  they 
have  been  coagulated  by  the  prolonged  standing  under  alcohol. 
If  this  solution  be  concentrated  at  a  low  temperature  it  is  found 
that  the  resulting  solution  gives  the  ordinary  proteid  reactions. 
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Further,  the  proteid  present  has  all  the  properties  of  a  globulin. 
It  has  been  shown  that  the  more  globulin  there  is  present,  the 
stronger  the  solution  is  in  its  fibrin-forming  powers,  /.  e. ,  its 
activity  as  a  ferment.  By  heating  to  73°  C.  the  solution  is 
no  longer  capable  of  changing  iibrinogen  into  fibrin,  and  at  this 
temperature  the  globulin  is  coagulated. 

The  extractives,  the  salts,  and  the  gases  are  the  same  as  in 
plasma. 

Blood  Corpuscles. 

The  relative  number  of  red  corpuscles,  or  discs,  to  the  color- 
less cells  is  said  to  be,  on  the  average,  350  to  r.  This  is  true  of 
the  blood  drawn  from  the  fine  vessels  by  puncture.  While  in 
the  vessels  the  blood  must  contain  a  greater  proportion  of  the 
colorless  cells,  for  by  the  ordinary  method  of  obtaining  blood  for 
examination  they  do  not  flow  out  of  the  punctured  capillaries 
as  readily  as  the  red  discs,  and  many  of  them  are  said  to  become 
disintegrated  very  shortly  after  they  are  removed  from  the  cir- 
culation. Although  the  number  of  red  discs  normally  alters  but 
little,  the  proportion  of  white  to  red  varies  much,  on  account  of 
the  constant  changes  occurring  in  the  number  of  the  white  cells. 
It  has  been  found  to  differ  according  to  the  observer,  the  situa- 
tion, and  other  circumstances,  as  shown  in  the  following  table, 
which  gives  the  number  of  red  corpuscles  to  one  colorless  cell : — 

Observers'  estimate  of  normal  proportion: — 

Red.  White. 

Welcker,  , 335—' 

Moleschott, 357 — i 

In  various  parts  of  the  circulation  : — 

Splenic  vein 60 —  i 

Splenic  artery, 2260 — I 

Hepatic  vein, 170 — i 

Portal  vein, 740 — I 

According  to  age  or  sex: — 

Girls 405 — I 

Boys, 226 — I 

Adult,  ...  334—1 

Old  age,   .  381 — I 
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According  to  general  conditions  : — 

Red.  White. 

When  fasting, ^l6 — I 

After  a  meal, 347 — I 

During  pregnancy 281 — 1 

In  a  disease  of  the  spleen  and  lymphatic  glands  called  Leu-  • 
cocythemia  there  appear  to  be  nearly  as  many  white  cdlls  as  red 
discs.  Here,  however,  the  red  discs  are  deficient,  while  the  color- 
less cells  are  greatly  multiplied. 

The  Colorless  Corpuscles. — The  colorless  cells  of  the 
blood,  commonly  called  the  white  corpuscles,  differ  in  no  essen- 
tial respect  from  the  pale,  round  cells  which  are  found  in  most  of 
the  tissues  of  the  body.  They  occupy  a  great  part  of  the  lym- 
phatic glands  and  thymus,  and  exist  in  large  numbers  in  the 
lymph,  which  carries  them  from  those  organs  into  the  blood. 
(Hewson.)  They  are  often  spoken  of  as  lymphoid  cells,  leu- 
cocytes, elementary  or  formative  cells,  on  account  of  their  being 
so  widely  distributed  throughout  the  tissues. 

When  fresh  blood  is  examined  with  the  microscope  these  cells 
can  generally  be  seen  adhering  to  the  glass  slide,  or  cover-glass, 
and  lying  singly,  apart  from  the  groups  of  red  discs.  They  can 
be  recognized  by  their  absence  of  marked  color,  finely  granular 
structure,  spherical  shape,  jnd  the  nuclei  which  may  often  be 
recognized  near  the  center  of  the  cell.  Though  not  always 
visible  in  fresh  preparations,  the  nuclei  can  be  brought  to  light 
by  the  action  of  many  reagents — <?.  g.,  acetic  acid.  If  examined 
while  being  moved  by  the  blood  current  in  the  capillary  vessels, 
they  are  seen  to  pass  slowly  along  in  contact  with  the  vessel  wall, 
while  the  red  corpuscles  rush  rapidly  past  them  down  the  center 
of  the  channel. 

This  may  partly  be  due  to  their  peculiar  adhesiveness,  which 
also  causes  them  to  stick  to  the  glass  slide,  whilst  the  red  discs 
are  washed  away  when  a  gentle  stream  of  saline  solution  is  allowed 
to  flow  under  the  cover-glass.  These  cells  show  all  the  manifes- 
tations of  activity  characteristic  of  independent  living  beings. 
If  kept  in  a  medium  suitable  to  them,  and  at  the  temperature  of 
the  body,  they  will  soon  be  seen  to  alter  their  appearance  ;  their 


244  MANUAL   OF  PHYSIOLOGY. 

outline  becomes  faint,  they  are  no  longer  spherical,  but  very  irre- 
gular in  shape,  and  constantly  change  their  form  by  sending 
out  and  retracting  processes,  by  means  of  which  they  change 
their  position,  so  that  they  may  be  said  to  perform  locomotion. 
These  movements  are  rendered  more  active  by  a  slight  increase 
of  temperature  and  are  checked  by  cold.  For  continued  obser- 
vation about  38°  C.  is  the  best  temperature  for  mammalian  blood. 
The  blood  of  the  frog  is  generally  used  to  observe  the  motion  of 
the  white  corpuscles,  as  warming  is  unnecessary  in  cold-blooded 
animals. 

While  in  motion  these  ameboid  movements  are  absent,  but 
when  an  arrest  of  the  flow  in  the  capillaries  occurs,  the  cells 
change  their  form  and  position  ;  and  if  there  be  no  onward  flow 
of  blood  for  some  little  time,  they  creep  out  of  the  capillaries, 
passing  through  the  delicate  vessel-walls.  This  emigration  of  the 
blood-cells  is  possibly  a  common  event  when  a  tissue  is  in  need 
of  textural  repair.  It  forms  one  of  the  most  striking  of  the 
series  of  events  occurring  in  inflammation. 

No  doubt  they  continually  absorb  fluid  nutriment  from  the  sur- 
rounding medium,  as  is  shown  by  the  effect  of  poisons  on  them, 
and  by  the  repeated  contractions  and  relaxations  of  parts  of  their 
substance  in  the  form  of  pseudopodia  they  take  into  their  proto- 
plasm solid  particles,  which  after  sonv^  time  are  ejected,  after  the 
manner  of  amebas  (p.  no). 

The  colorless  cells  of  the  blood  have  been  variously  classified 
from  time  to  time.  Recently  they  have  been  divided  into  two 
varieties  with  supposed  functional  differences.  The  (a)  corpuscles, 
or  phagocytic  cells,  make  up  nearly  two-thirds  of  the  whole 
number.  Their  nucleus  is  irregular,  and  their  protoplasm  finely 
granular.  Their  function  is  said  to  be  mechanical,  since  they 
are  capable  of  taking  up  and  transporting  foreign  particles,  car- 
mine, bacteria,  etc.  They  do  not  stain  readily  with  eosin.  The 
(/?)  corpuscles  (eosinophile-cells)  have  regular  nuclei,  and  their 
cell  body  is  filled  with  coarse  granules  that  stain  with  eosin.  The 
granules  are  discharged  from  the  cells  from  time  to  time.  These 
cells  do  not  pick  up  foreign  particles,  and  are  not  phagocytic. 
They  may  be  regarded  as  free  unicellular  glands. 
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Origin  of  the  Colorless  Blood-cells. — Since  such  an 
ordinary  circumstance  as  a  hearty  meal  can  materially  influence 
the  number  and  size  of  the  white  corpuscles,  it  would  appear 
that  they  must  be  usually  undergoing  rapid  variations  in  their 
number — probably  by  being  constantly  used  up  and  continuously 
replaced  by  new  ones.  The  places  in  which  they  occur  in 
greatest  number  are  the  lymphatic  glands,  the  spleen,  and  the 
lymph  follicular  tissue  in  the  intestinal  tract. 

There  is  no  doubt  that  the  lymph  contains  a  much  larger 
proportion  of  these  cells  after  it  has  passed  through  the  lymph 
glands,  and  the  blood  coming  from  the  spleen  contains  an 
excessive  proportion  of  them. 

It  is  then  not  unreasonable  to  suppose  that  many  of  the 
white  cells  found  in  the  blood  have  their  origin  in  these 
organs. 

They  may  also  be  developed  from  similar  cells  in  any  tissue, 
but  their  reproduction  by  division,  other  than  that  which  pro- 
bably occurs  in  the  lymph  follicles  where  it  cannot  be  seen,  is  a 
circumstance  of  the  greatest  rarity,  and  few  observers  have  been 
fortunate  enough  to  witness  the  phenomenon. 

The  destiny  of  the  white  blood-cells  is  probably  manifold. 
From  the  readmess  with  which  they  escape  from  the  capillaries 
and  wander  by  their  ameboid  movement  through  the  neigh- 
boring tissues  to  reach  any  point  of  injury,  it  would  appear  that 
they  take  an  active  part  in  the  repair  of  a  tissue  whose  vitality 
has  in  any  way  suffered.  During  the  growth  of  all  tissues  these 
cells  seem  to  contribute  active  agents  to  their  formation ;  thus 
in  the  formation  of  bone  it  has  been  stated  that  escaped  blood- 
cells  or  their  immediate  offspring  help  to  lay  down  the  calcareous 
material,  and  some  even  settle  themselves  as  permanent  inhabit- 
ants of  the  lacunae. 

Further,  they  are  in  all  probability  the  means  of  renewing 
the  red  discs.  Their  protoplasm  either  takes  up  the  coloring 
matter  from  its  surroundings,  or  forms  it  within  itself  from 
suitable  ingredients.  Certain  it  is  that  cells  are  found,  recog- 
nizable as  white  blood-cells,  which  have  more  or  less  of  the  red 
coloring  matter  imbedded  in  their  substance.     As  this  increases 
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the  cell  gradually  loses  its  distinctive  characters  and  assumes 
those  of  a  red  corpuscle. 

The  Colored  Corpuscles. — The  red  discs  were  discovered 
in  the  human  blood  by  Leeuwenhoek  about  1673.  They  give 
the  red  color  which  characterizes  the  blood  of  all  vertebrated 
animals  (except  the  amphioxus),  but  are  not  found  in  the  blood 
of  the  invertebrata,  which  only  contains  colorless  cells.  When 
the  blood  of  the  invertebrates  has  a  color,  it  owes  it  to  the  fluid, 
not  to  the  corpuscles.  The  individual  discs  when  viewed 
singly  under  the  microscope  appear  to  be  pale  orange,  but  when 
in  masses  the  red  becomes  apparent. 

The  shape  of  the  corpuscles  differs  in  different  classes  of 
animals.  In  man  and  most  other  mammalia  they  are  discs,  con- 
cave on  each  side,  and  rounded  off  at  the  margin.  The  only  class 
of  mammals  which  forms  an  exception  to  this  rule  is  the 
camelidse,  whose  red  corpuscles  are  elliptical  in  shape,  like  those 
of  non-mammalian  vertebrates. 

The  corpuscles  of  birds,  amphibia,  and  fish  are  flattened 
elliptical  plates,  slightly  convex  on  each  side,  and  containing  a 
distinct  oval  nucleus  in  their  center. 

The  size  of  the  corpuscles  varies  greatly  in  different  classes 
of  animals,  but  is  strikingly  constant  in  the  same  class.  A 
glance  at  the  following  diagram,  in  which  the  corpuscles  are 
drawn  to  scale,  will  give  an  idea  of  their  relative  sizes,  in 
examples  of  the  different  classes  of  animals,  and  will  make  the 
following  points  more  rapidly  obvious  than  mere  description. 

The  size  of  the  animal  has  no  general  relation  to  the  size  of 
the  corpuscles.  The .  human  red  discs  are  of  a  fair  average  size 
when  compared  with  those  of  other  mammals,  and  therefore 
man's  blood  cannot  be  distinguished  from  that  of  the  other 
mammalia  by  the  discs. 

The  mammalian  corpuscles  are,  on  the  whole,  small  when 
compared  with  those  of  the  other  vertebrates.  The  batrachians 
are  distinguished  by  the  great  size  of  the  corpuscles.  Those  of 
the  Amphiuma  tridactylum  are  visible  to  the  naked  eye. 

The  following  measurements  are  given  by  Welcker  for  the 
human  discs: — 
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Diameter,    .0077  of  a  millimeter  (j.^JlJ^)  =  -^-^^-^  of  an  inch. 
Thickness,  .0019  of  a  millimetei'  \i.^(i)  =  j^itny  °^  *"  inch. 
Volume,       .00000077  of  a  cubic  millimfiter. 
Surface,       .0001 28  of  a  square  millimeter. 


Fig.  91. 


Diagram  of  the  Relative  Sizes  of  Red  Corpuscles  of  Different  Animals. 
The  measurements  below  are  in  fractions  of  a  millimeter. 


X.  Amphiuma, 

2.  FroteuSj  . 

3.  Frog,    .  .  . 

4.  Pigeon, 

5.  Elephant,    , 


iS  X  ifty 
AX  A 
w  X  a's 
3SB  X  iJbt 


6.  Man, 

7-  Dog, 

8.  Horse, 

•     TBI 

g.  Goat, 

10.  Musk  Deer, 

•   •   •   •    s^ 

The  last  measurement  would  give  a  surface  of  about  2816 
square  meters  for  the  corpuscles  of  an  adult.  A  surface  of  1 1 
meters  square  is  exposed  every  second  in  the  lungs  for  the 
absorption  of  oxygen. 


*  The  Greek  letter  jtt  is  used  by  histologists  to  denote  y^g  of  a  millimeter,  which  is  taken 
as  a  convenient  unit  of  measurement. 
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When  circulating  in  the  vessels,  or  immediately  after  removal, 
the  red  corpuscles  are  very-  soft  and  elastic,  being  bent  and 
altered  in  shape  by  the  slightest  pressure,  and  easily  stretched 
to  twice  their  diameter.  But  the  moment  pressure  or  traction 
is  removed,  they  return  to  their  normal  biconcave  disc-shape  il 
the  medium  in  which  they  lie  continue  of  the  normal  density. 

Changes  take  place  in  the  blood  shortly  after  it  is  removed 
from  the  body  which  seem  to  be  associated  with  the  loss  ol 
function  (death)  of  the  red  discs,  as  shown  by  their  rapid 
destruction  if  re-introduced  into  the  circulation. 

The  changes  are  checked  by  cold  and  facilitated  by  heat,  a 
temperature  above  that  of  the  body  causing  them  to  take 
place  almost  immediately.  Associated  with  the  loss  of  func- 
tion of  the  discs  is  observed  a  change  accompanied  by  an 
apparent  increase  of  adhesiveness,  which  causes  them  to  stick 
together,  commonly  adhering  by  their  flat  surfaces,  so  as  to  form 
into  rolls,  or  rouleaux,  like  so  many  coins  placed  side  by  side. 
That  this  adhesion  is  not  a  mere  physical  process,  independent 
of  the  chemical  properties  of  the  corpuscles  themselves,  seems 
proved  by  the  following  facts  :  (i)  It  does  not  occur  immediately 
after  the  blood  is  drawn,  and  it  disappears  after  a  few  hours 
without  the  addition  of  reagents ;  (2)  while  the  blood  is  in  the 
living  vessels  under  normal  conditions  there  is  no  adhesion,  but 
it  appears  when  any  standstill  in  the  circulation  takes  place — as 
in  inflammation ;  (3)  it  does  not  occur  when  saline  solutions 
are  added  to  the  blood..  It  seems  to  be  dependent  upon  a 
peculiar  property  of  the  discs,  which  only  exists  for  a  time  co- 
incident with  the  changes  that  accompany  their  death. 

The  shape  of  the  discs  changes  when  the  density  of  the 
medium  in  which  they  are  suspended  is  altered.  When  the 
density  is  reduced,  as  by  the  addition  of  water,  they  swell  and 
become  spherical,  and  break  up  the  rouleaux,  the  coloring 
matter  at  the  same  time  becoming  dissolved  in  the  medium, 
(Fig.  92.)  When  the  density  is  increased  by  slight  evapora- 
tion, or  the  addition  of  salt  solution  about  one  per  cent.,  they 
cease  to  be  concave  and  become  crenated,  or  spiked,  like  the 
green  fruit   of  the  horse-chestnut.      (Fig.  93.)     The  addition 
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of  strong  syrup  causes  the  corpuscles  to  shrivel  and  assume  a 
great  variety  of  peculiar  bent  or  distorted  forms.  (Fig.  94.) 
Elevation  of  temperature  or  repeated  electric  shocks  cause  a 
peculiar  change  in  shape,  but  since   the  change  is  associated 


Fig.  92. 


Fig.  93. 


Microscopic  Appearance  of  Blood  after 
the  Addition  of  Distilled  Water.  Red 
corpuscles  become  colorless  or  pale,  sep- 
arate, and  spherical.  The  white  are 
seen  to  be  swollen,  round  and  granular, 
with  clear  nuclei. 


Showing  Effect  of  Evaporation. 
Six  red  corpuscles  crenated.  w, 
white  cell  changing  shape. 


with  the  death  of  the  element,  it  cannot  be  attributed  to  vital 
activity  comparable  with  that  seen  in  the  white  cells. 

The  discs  show  no  signs  of  structure  under  the  microscope ; 
they  are  perfectly  homogeneous,  transparent  bodies  of  a  pale 
orange  color ;  the  recent  efforts  to  restore  the  importance  of 
the  limiting  membranes,  formerly  supposed  to  surround  them, 


Fig.  94. 


Fig.  95. 


Red  Corpuscles,  Shriveled  by  the 
Addition  of  Strong  Syrup,  w, 
white  corpuscle. 


Blood  Corpuscle  after  the  Addition  of 
Tannic  Acid.     %  per  cent. 


have  not  been  convincing,  and  give  no  explanation  of  their 
shape.  Their  behavior  when  certain  reagents  are  added  to 
the  blood  shows  that  the  corpuscles  have  two  constituents: 
(i)  the  coloring  matter.  Oxyhemoglobin;  and  (2")  the  Stroma. 
The  coloring  matter  may  be  removed  from  the  corpuscle,  as 
above  stated,  by  water,  and  leaves  a  perfectly  colorless  trans- 
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parent  foundation  or  groundwork,  but  no  evidence  of  a  vesicular 
boundary  or  capsule.  This  either  holds  the  coloring  matter  in 
its  interstices,  or  in  a  vital  chemical  combination.  The  effect 
on  the  naked  eye  appearance  of  the  blood  produced  by  the  re- 
moval of  the  coloring  matter  from  the  stroma,  is  to  alter  the 
color  and  increase  the  transparency  of  the  fluid.  The  oxyhemo- 
globin now  forms  a  transparent,  dark-red,  lakey  solution,  and  the 
corpuscles,  being  quite  colorless,  are  practically  invisible.  This 
transparency  of  the  fluid  does  not  depend  on  any  change  in  the 
oxyhemoglobin,  but  merely  on  its  being  dissolved  out  of  the 
discs,  which  become  transparent  and  can  no  longer  reflect,  the 
light.  This  process,  which  is  commonly  spoken  of  as  rendering 
the  blood  "lakey,"  may  be  brought  about  by  the  following 
means:  (i)  The  addition  of  about  ^  of  its  bulk  of  distilled 
water,  to  wash  the  coloring  matter  out  of  the  stroma,  which  may 
then  be  rendered  visible  by  a  weak  solution  of  iodin :  (2)  by 
the  addition  of  chloroform,  ether,  or  alkalies :  (^3)  by  passing 
repeated,  strong  induction  shocks  through  the  blood :  (4)  by 
rapidly  freezing  and  thawing  the  blood  several  times. 

All  these  processes  produce  the  same  effect :  viz.,  the  red  mat- 
ter leaves  the  stroma  and  passes  into  solution  -without  producing 
a  marked  change  in  either,  as  if  the  solution  depended  upon  the 
destruction  of  some  vital  relationship  between  the  stroma  and 
the  oxyhemoglobin  which  prevented  the  diffusion  of  the  latter 
in  the  living  blood. 

Solutions  of  urea,  bile  acids,  and  heat  of  about  60°  C.  seem  to 
destroy  the  discs,  and  thus  remove  the  coloring  matter.  Car- 
bolic, boracic,  and  tannic  acids  cause  the  coloring  matter  to 
coagulate  and  become  localized  either  at  the  center  or  margin  of 
the  corpuscle.     (Fig.  95.) 

The  number  of  discs  in  the  blood  of  man  is  enormous,  namely, 
in  a  cubic  millimeter  of  blood,  about  five  millions  for  males 
and  four  and  a  half  millions  for  females,  or  about  250,000  mil- 
lions for  one  pound  of  blood.  The  number  varies  much,  not  only 
through  disease,  but  also  as  a  result  of  the  many  physiological 
processes,  such  as  changes  in  the  amount  of  plasma,  which  alter 
the  relative  proportion  of  discs  to  the  fluid.    , 
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Fig.  g6. 


Malassez's  Apparatus  Cor  the  Enumeration  of  Blood  Corpuscles. 
A,  measuring  and  mixing  pipette  ;  b,  flattened  and  calibrated  capillary  tube. 
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he  Appearance  Presented  by  the  Capillary  Tube  of  Malassez's  Apparatus  when  Filled  with 
Diluted  Blood  and  examined  under  a  microscope  magnifying  loo  diameters,  provided  with 
an  eye-piece  micrometer. 
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In  order  to  count  the  corpuscles  the  following  method  is 
employed.  The  blood  is  diluted  with  artificial  plasma  to  loo  or 
I  GOO  times  its  volume,  and  the  corpuscles  in  a  portion  of  the 
mixture  carefully  measured  off  by  a  capillary  tube  and  counted. 
This  operation  requires  great  care  and  delicate  apparatus.  One 
of  the  best-known  methods  is  that  of  Malassez,  the  details  of 
which  are  as  follow: — 

Blood  is  drawn  into  the  capillary  tube  of  a  specially  prepared 
delicate  pipette  (Fig.  96,  a)  up  to  a  mark  which  indicates  y^ 
part  of  the  capacity  of  the  pipette.  This  known  quantity  of 
blood  is  then  washed  into  the  bulb  of  the  pipette  by  drawing  up 
artificial  serum  to  fill  the  bulb,  where  the  fluids  are  mixed  by 
shaking  about  a  glass  bead  contained  in  its  cavity.  Some  of  this 
mixture  is  then  allowed  to  pass  into  a  flattened  capillary  tube  of 
known  capacity  fixed  on  a  slide,  and  the  number  of  corpuscles 
in  a  given  length  of  this  tube  is  carefully  counted  at  two  or  three 
places. 

The  important  question,  how  much  oxyhemoglobin  exists  in  a 
given  sample  of  blood  can  be  determined  by  diluting  some  of  it 
until  the  color  equals  that  of  a  standard  solution  of  known 
strength. 

Oxyhemoglobin. 

Of  the  chemical  constituents  found  in  the  blood  corpuscles 
the  coloring  matter  is  by  far  the  most  important.  To  it  alone 
the  blood  owes  one  of  its  important  functions— the  respiratory. 

Oxyhemoglobin  is  a  chemical  compound  of  great  complexity, 
of  which  the  percentage  composition  is  given  as — 

Carbon 53.85 

Hydrogen 7.32 

Nitrogen 16. 1 7 

Oxygen 21.84 

Sulphur 39 

Iron 43 

Its  rational  formula  is  unknown,  but  the  following  has  been 
proposed  as  approximate,  CeooHgeoNisiFeSjOira.  It  may  be  re- 
garded as  a  form  of  globulin,  combined  with  a  colored  material 
containing  iron,  called  Hematin.     Its  chief  peculiarities  are  (i) 
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lat  although  it  contains  a  proteid  substance,  it  crystallizes  more 

■  less  readily  when  removed  from  the  stroma  of  the  corpuscles 

■  most  vertebrates ;  (2)  the  considerable  amount  of  iron  it  con- 
ins  (0.4  per  cent.)  J  (3)  the  remarkable  manner  in  which  it 
)mbines  with  oxygen  to  form  an  unstable  compound  ;  and  (4) 
le  ease  with  which  it  yields  its  oxygen  to  the  tissues  and  takes 
from  the  air. 

The  readiness  with  which  the  oxyhemoglobin  crystals  are 
rmed  varies  much  in  different  animals  and  under  different 
rcumstances,  as  may  be  seen  from  the  following  list — 

Most  readily — rat,  guinea  pig,  mouse. 
Readily — cat,  dog,  horse,  man,  ape,  rabbit. 
With  diSBculty — sheep,  cow,  pig. 
Not  at  all — frog. 

The  presence  of  oxygen  causes  the  crystals  to  form  more 
pidly,  so  that  a  stream  of  oxygen  passed  through  a  strong 
lution  of  hemoglobin  causes  small  crystals  of  oxyhemoglobin 
I  form. 

The  crystals  always  belong  to  the  rhombic  system,  being  most 
squently  plates  (man,  etc.)  or  prisms  (cat),  and  rarely  tetra- 
;dra  (guinea  pig)  or  hexag- 
lal  plates  (squirrel).     (Fig. 

5-) 

The  color  of  the  crystals 
id  their  solution  varies 
icording  to  the  light  by 
hich  they  are  looked  at. 
y  reflected  light  they  are 
■eenish-red  in  color,  and  by 
rect  light,  scarlet. 
The    preparation    of  oxy- 

,^^„I^J.;^  ^^„^t^\r.  ;.,  -«  Crystals  of  Hemoglobin  from  Different  Animals: 
•mOgloOtn      crystals      is      ac-        ,,  showing  the  ordinary  form  of  crystals- 

,mplished  by  first  separa-  =k\=i^t"rer"" '■'^■'  ^''"='^°"^' 
]g  the  coloring  matter  from 

e  corpuscles  by  freezing,  or  the  addition  of  water  or  ether, 
id  then  rendering  it  less  soluble  by  evaporation,  cold,  and  the 
Idition  of  alcohol. 
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For  microscopic  observation  it  generally  suffices  to  kill  a  rat 
with  ether,  and  expose  a  drop  of  the  blood  diluted  with  distilled 
water  on  a  slide  until  half  dried,  and  then  cover.  Crystals 
appear  in  the  fluid  as  it  becomes  concentrated. 

The  combinations  which  hemoglobin  enters  into  are  numerous, 
and  throw  much  light  upon  the  function  of  the  corpuscles. 

As  already  stated,  the  coloring  matter,  when  exposed  to  the 
air,  combines  with  oxygen  to  form  a  loose  chemical  compound 
called  oxyhemoglobin.  This  is  the  condition  in  which  the 
coloring  matter  of  the  blood  is  generally  found.  Although  so 
prone  to  combine  with  oxygen,  the  oxyhemoglobin  very  readily 
parts  with  some  of  it.  In  the  circulation  it  is  always  united  with 
oxygen,  normally  leaving  the  lungs  in  a  state  of  saturation.  On 
its  way  through  the  capillaries  of  the  tissues,  it  parts  with  some 
of  its  oxygen,  part  becoming  reduced  to  hemoglobin,  but  even 
the  most  venous  blood  always  contains  some  oxyhemoglobin. 

The  oxygen  can  be  removed  by  reducing  the  pressure  under 
an  air  pump,  or  by  exposing  the  solution  to  a  mixture  of 
nitrogen  and  hydrogen.  Various  reducing  agents  rob  the 
oxyhemoglobin  of  its  oxygen ;  and  if  blood  or  a  solution  of 
oxyhemoglobin  be  sealed  in  a  glass  tube  so  as  to  exclude  the 
air,  the  loose  oxygen  is  taken  up  by  some  of  the  other  con- 
stituents of  the  blood,  and  the  oxyhemoglobin  becomes  gradually 
reduced  to  hemoglobin,  after  which  it  undergoes  no  further 
change  or  decomposition.  The  reduction  in  the  sealed  tube 
depends  on  the  putrefactive  changes  in  the  proteids,  and  may 
be  prevented  by  careful  aseptic  precautions.  If  the  reduced 
hemoglobiii  be  shaken  for  a  few  moments  with  air,  the  bright 
color  characteristic  of  oxyhemoglobin  soon  reappears,  and  if  the 
reducing  agent  be  not  injurious  to  the  blood,  the  reduction  and 
reoxidation  may  be  repeated  several  times,  the  hemoglobin 
going  through  the  changes  which  take  place  in  it  during  normal 
respiration. 

The  union  of  oxygen  with  hemoglobin  is  a  definite  chemical 
combination.     This  is  proved  by  the  following  facts  : — 

(i)  When  the  pressure  is  reduced  the  oxygen  does  not  come 
away  from   the    solution   in   accordance   with    the   law  which 


EXPLANATION  OF  THE  PLATE  OF  SPECTRA. 

(FRONTISPIECE.) 

1.  Spectrum  of  diffused  daylight  with  some  of  the  principal 
lines  of  Fraunhofer. 

2.  Spectrum  of  oxy-hemoglobin  in  a  moderately  dilute  solution, 

P-  255- 

3.  Spectrum  of  reduced  hemoglobin  in  solution  of  same 
strength,  p.  255. 

4.  Spectrum  of  methemoglobin,  got  by  adding  a  solution  of 
potassium  permanganate  to  a  solution  of  sheep's  blood  in  water, 

P-  255- 

5 .  Spectrum  of  alkaline  methemoglobin,  got  by  treating  the  last 
solution  with  a  little  ammonia. 

6.  Spectrum  of  acid-hematin,  prepared  by  treating  blood  with 
acetic  acid  and  agitating  with  ether,  p.  256. 

7.  Spectrum  of  alkaline  hematin,  got  by  treating  blood  with 
rectified  spirit  and  caustic  soda,  p.  257. 

8.  Spectrum  of  reduced  hematin,  or  hemochromogen,  prepared 
by  adding  sulphide  of  ammonium  to  the  solution  of  alkaline 
hematin. 

9.  Spectrum  oi  acid  hematoporphyrin,  p.  257. 

10.  Spectrum  of  alkaline  hematoporphyrin. 

n.  Spectrum  of  myohematin,  from  alar  muscle  of  a  meat  fly. 
The  spectrum  is  practically  the  same  throughout  the  whole 
animal  kingdom,  p.  474. 
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governs  the  escape  of  gases  dissolved  in  a  liquid,  but  nearly  all 
comes  off  suddenly  when  the  pressure  is  lowered  to  about  ^  of 
an  atmosphere  at  the  body  temperature  {vide  Chapter  XVII). 
One  gram  of  oxyhemoglobin  crystals  yields  1.59  c.c.  of  O. 

(2)  The  two  substances  give  a  different  absorption  band  when 
examined  with  the  spectroscope.  The  reduced  hemoglobin 
gives  one  wide,  diffuse  band,  which  lies  between  the  D  and  E 
lines  of  the  solar  spectrum,  and  much  of  the  violet  and  of  the 
red  are  cut  off.  The  single  band,  characteristic  of  reduced 
hemoglobin,  is  replaced  by  two  when  the  hemoglobin  combines 
with  oxygen — one  broad  band  in  the  green  near  E,  and  a  narrow 
one,  more  clearly  defined,  in  the  yellow  close  to  the  D  line;, 
both  bands  lie  between  D  and  E.  With  strong  solutions  the 
spectrum  is  still  more  darkened  at  either  extremity,  and  the  two 
bands  become  wider  and  tend  to  fuse  into  one  (see  Frontispiece). 

(3)  Further,  the  oxygen  may  be  replaced  by  other  substances 
which  unite  with  the  hemoglobin.  One  of  the  most  important 
of  these  is  carbonic  oxid,  which  forms  a  much  more  stable 
compound  with  hemoglobin  than  oxygen.  It  is  of  a  bright 
cherry-red  color,  and  has  two  absorption  bands  in  the  spectrum 
resembling  those  of  oxyhemoglobin,  but  more  equal  in  width 
and  more  sharply  defined,  that  in  the  yellow  being  separated 
further  from  the  D  and  E  lines  respectively. 

It  is  this  compound  which  is  formed  in  poisoning  with  car- 
bonic oxid.  The  CO,  occupying  the  place  of  the  oxygen, 
destroys  the  function  of  the  blood  corpuscles.  CO-heraoglobin 
may  be  distinguished  from  0-hemoglobin  by  not  being  reduced 
by  reagents  greedy  of  oxygen,  and  by  the  bright  red  color 
which  persists  when  a  ten  per  cent,  solution  of  caustic  soda  is 
added  and  the  mixture  heated.  0-hemoglobin  gives  a  muddy- 
brown  color  under  the  same  treatment. 

When  a  solution  of  oxyhemoglobin  is  exposed  to  the  atmos- 
phere for  a  few  days  its  color  changes  to  a  dingy  brown,  owing 
to  the  production  of  a  new  substance,  which  is  called  methemo- 
globin.  This  is  now  regarded  as  of  the  same  chemical  composi- 
tion as  oxyhemoglobin,  only  the  oxygen  is  more  firmly  united 
to  the  hemoglobin,  as  may  be  shown  by  the  facts  that  it  can- 
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not  be  removed  by  passing  other  gases  (CO,  etc.)  through  the 
liquid,  or  by  exhaustion  with  an  air-pump.  Metheraoglobin 
gives  an  absorption  spectrum  which  shows  a  distinct  band  in  the 
red  between  C  and  D  and  two  other  faint  bands  between  D  and 
E  which  closely  correspond  to  the  position  of  the  bands  of  oxy- 
hemoglobin. A  fourth  indistinct  band  in  the  blue  has  also  been 
described. 

This  substance  can  also  be  formed  by  the  addition  of  potassium 
permanganate,  ferrocyanide  of  potassium,  or  alkaline  nitrites  to 
hemoglobin.  A  solution  of  methemoglobin,  though  unaltered 
when  placed  in  vacuo,  may  be  reduced  to  hemoglobin  by  ammo- 
nium sulphide.  It  then  regains  its  red  color,  shows  the  spectrum 
of  reduced  hemoglobin,  and  when  shaken  with  air  it  forms  oxy- 
hemoglobin. 

Decomposition  of  Hemoglobin. — Hemoglobin  may  easily 
be  brokeij  up  into  two  constituents — namely,  (a)  a  colorless  sub- 
stance which  is  nearly  related  to  the  class  of  proteids  called 
globulins,  and  (b)  a  blackish  red  amorphous  material  called 
Hematin,  which  contains  all  the  iron  of  the  hemoglobin. 

This  change  is  brought  about  by  several  methods,  such  as  the 
addition  of  acids,  strong  alkalies,  heat  above  70°  C,  etc. 

Hematin,  etc. — Hematin  is  a  secondary  product,  being  the 
result  of  the  oxidation  of  a  substance  called  hemochromogen, 
which  is  the  first  outcome  of  the  decomposition  of  the  hemo- 
globin by  acids  or  alkalies.  Hemochromogen,  or  reduced  hema- 
tin, as  it  may  be  called,  can  be  obtained  from  hematin  by 
reducing  agents,  e.  g.,  ammonium  sulphide,  but  it  can  only  be 
preserved  in  an  atmosphere  of  hydrogen  or  nitrogen,  as  it 
immediately  takes  up  oxygen  to  form  hematin  on  exposure  to  the 
air.  The  formula  CegHvoNgFeaOio  has  been  given  for  hematin.  It 
dissolves  in  weak  alkaline  or  acid  solutions,  but  not  in  water  or 
in  alcohol. 

Hematin  is  readily  prepared  by  mixing  acetic  acid  with  a 
strong  solution  of  hemoglobin,  which  then  becomes  a  dark  brown 
color.  The  dark  hematin  can  be  removed  by  ether.  But  if  the 
acid  used  be  strong,  the  solution  of  hematin  is  found  to  be  free 
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from  iron.  This  iron-free  hematin  is  called  hemaioporphyrin,  or 
hematoin.  If  now  the  acid-hematin  solution  be  saturated  with 
ammonia,  the  iron  again  becomes  united  with  hematoin,  forming 
alkali-hematin. 

If  acid-hematin  be  removed  from  its  watery  solution  by  ether 
and  examined  spectroscopically,  four  bands  are  seen ;  the  first 
in  the  red  between  C  and  D,  but  nearer  C;  the  second,  a  narrow, 
faint  band  close  to  D ;  the  third,  a  broad  band  between  D  and 
E ;  and  the  fourth,  broad  and  faint  between  b  and  F.  (See  Fron- 
tispiece.) 

If  the  fluid  be  made  alkaline  with  ammonia,  we  see  the  spec- 
trum of  alkali-hematin,  viz.,  one  broad  band  in  the  red  near  D, 
and  a  second  broad  and  faint  band  extending  either  side  of  E  in 
the  green.     There  is  complete  absorption  beyond  this. 

Hematoporphyrin  in  its  acid  solution  shows  two  absorption 
bands,  the  first  narrow  and  faint  in  the  red  close  to  D,  the 
second  broad  and  dark  in  the  yellow  between  D  and  E. 

Hemin. — Hematin  unites  with  hydrochloric  acid  to  form  a 
crystallizable  body  called  hemin,  or  hydro- 
chlorate  of  hematin  (Teichmann's  crystals).  Fig.  99. 

If  blood  or  dry  hematin  be  mixed  with 
a  small  quantity  of  common  salt,  a  drop  of 
glacial  acetic  acid  added,  and  the  mixture 
boiled,  small  characteristic  crystals  appear 
which  have  been  found  to  be  produced  by 
the  union  of  two  molecules  of  hydrochloric 
acid  with  the  hematin. 

The  formation  of  these  crystals  is  very  easily  accomplished 
with  a  small  quantity  of  old,  dried  blood ;  therefore  this  substance 
becomes,  in  medico-legal  inquiries,  an  important  test  for  blood- 
stains. 

Hematoidin. — Crystals  of  a  substance  called  Hematoidin 
are  formed  only  in  old  blood-clots  retained  in  the  body.  It  does 
not  contain  any  iron,  and  has  the  chemical  formula  C32H35N4O6. 
It  is  closely  related  to,  if  not  identical  with,  bilirubin,  one  of  the 
coloring  matters  found  in  bile. 
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Globin. — This  name  has  been  given  byPreyer  to  the  proteid 
derived  from  the  hemoglobin  when  the  hematin  is  separated. 
It  differs  slightly  from  a  globulin,  though  it  resembles  it  in 
being  precipitated  by  the  weakest  acids,  even  carbon  dioxid, 
and  it  leaves  no  ash  on  ignition. 

The  Stroma. 
The  stroma  forms  only  about  ten  per  cent,  of  the  solid  parts 
of  the  corpuscles,  the  rest  being  hemoglobin.  The  proteid  basis 
of  the  stroma  is  probably  made  up  of  a  globulin,  also  containing 
lecithin,  cholesterin,  and  fats  in  minute  proportions.  There  is 
little  more  than  one- half  per  cent,  of  inorganic  salts  in  the  red 
blood  corpuscles,  of  which  more  than  half  consists  of  potassium 
phosphate  and  chlorid. 

Development  of  the  Red  Discs. 

In  the  early  days  of  the  embryo  the  blood-vessels  and  corpuscles 
appear  to  be  formed,  about  the  same  time,  from  the  middle  layer 
of  the  blastoderm  (mesoblast).  They  first  appear  as  round, 
nucleated,  colored  masses,  within  colorless  branching  cells,  angio- 
blasts,  the  rest  of  the  original  mass  of  protoplasm  of  which  forms 
a  rudimentary  blood-vessel.  These  round  embryonic  corpuscles 
subsequently  lose  their  nucleus  and  assume  the  characteristic 
shape  of  the  red  corpuscles. 

In  the  later  stages  of  embryonic  life  the  red  corpuscles  are 
said  to  be   formed  in   the  liver,  possibly  out  of  protoplasmic 
elements  which  are  made  in  the  spleen  and  thence  carried  to ' 
the  liver  by  the  portal  circulation. 

In  Jhe  connective  tissue  of  rapidly  growing  animals — tadpole 
(Kolliker),  rabbit  (Ranvier),  rat  (Schafer) — certain  cells  can  be 
seen  connected  in  the  form  of  a  capillary  network,  and  within 
the  protoplasm  of  these  cells  red  coloring  matter  is  developed, 
and  the  particles  of  color  can  soon  be  recognized  as  characteristic 
blood  corpuscles,  arranged  in  rows  within  the  newly  formed  net- 
works. Thus,  isolated  small  networks  of  capillaries,  consisting 
of  a  few  meshes  filled  with  blood  corpuscles,  are  formed  inde- 
pendently of  the  general  circulation. 
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These  corpuscles  and  their  hemoglobin  are  manufactured  by 
isolated  protoplasmic  elements  in  the  connective  tissue,  and 
subsequently  added  to  the  general  mass  of  blood,  by  the  growth 
of  the  network  bringing  it  into  continuity  with  the  neighboring 
vessels. 

In  the  adult  the  formation  of  red  blood  corpuscles  is  much 
less  active,  but  never  ceases  to  take  place  in  health,  for  the  cor- 
puscles must  be  renewed  as  they  become  worn  out  and  incapable 
of  performing  their  function.  This  reproduction  can  go  on 
with  considerable  rapidity,  as  we  see  after  severe  hemorrhage, 
when  the  normal  richness  in  hemoglobin  and  corpuscles  is  soon 
regained.  Their  formation  is,  however,  probably  confined  to  a 
few  special  organs — red  medulla  of  bones,  spleen — where  transi- 
tional forms  are  found  in  such  numbers  as  to  point  to  the  prob- 
ability of  the  red  corpuscles  being  the  offspring  of  the  colorless 
cells,  whose  protoplasm  either  manufactures  anew  or  collects  the 
necessary  hemoglobin,  and  then  loses  its  nucleus  and  ordinary 
cellular  characters. 

We  can  only  guess  at  the  fate  of  the  discs,  but  there  are  many 
things  which  point  to  the  spleen  as  the  organ  in  which  they  are 
destroyed.  In  the  spleen  an  enormous  number  of  protoplasmic 
elements  are  produced,  and  the  blood  comes  into  relation- 
ship with  the  nascent  cells  in  a  way  unknown  in  any  other 
part  of  the  body.  Further,  various  unusual  elements,  some  like 
altered  red  corpuscles,  others  like  white  cells  containing  hemo- 
globin, are  found  in  this  organ. 

The  blood  corpuscles  on  coming  to  the  spleen  are  possibly 
submitted  to  S  kind  of  preliminary  test  of  general  fitness,  some 
elements  of  the  spleen  pulp  having  the  faculty  of  examining 
their  condition  and  deciding  upon  their  fate.  Many,  no  doubt, 
pass  the  trial  without  any  change,  being  found  in  good  working 
order.  Others  that  are  found  totally  unfit  are  broken  up,  and 
their  effete  hemoglobin  carried  to  the  liver  to  be  eliminated  as 
bile  pigment.  Some  possibly  undergo  a  form  of  repair:  a 
white  cell  taking  charge  of  a  weakly  disc  renews  its  stroma, 
adds  to  its  hemoglobin,  and  carries  it  through  the  final  proof 
in  the  liver,  where  it  is  chemically  refreshed  before  going  to  the 
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lungs   for   the   load   of  oxygen  which   it  has  to  carry  to  the 
systemic  capillaries. 

The  Gases  of  the  Blood. 

These  are  present  in  two  conditions :  (i)  dissolved  in  accord- 
ance with  well-established  physical  laws,  and  (2)  chemically 
combined.  But  since  those  present  in  the  latter  state  are  but 
loosely  combined  they  may  be  separated  by  the  same  means  as 
the  former,  and  thus  the  oxygen,  carbon  dioxid,  and  nitrogen 
can  all  be  removed  by  reducing  the  pressure  with  the  air-pump. 
For  this  purpose  a  mercurial  pump  must  be  used,  by  means  of 
which  a  practically  perfect  vacuum  can  be  formed  and  all  the 
gases  obtained.  Together  they  are  found  to  measure  about  60 
volumes  for  every  too  volumes  of  blood.* 

The  following  table  shows  the  average  amount  of  each  gas: — 


0  Vol. 
per  cent. 

COa  Vol. 
per  cent. 

N  Vol. 
per  cent. 

20 
8-12 

■      39      • 
46-50 

1-2 
1-2 

Arterial  blood,  .    .        .    . 
Venous,    ...  .    . 

Oxygen. — The  amount  of  oxygen  in  the  blood  is  found  to  vary 
much  with  circumstances.  In  arterial  blood  the  quantity  is  much 
more  constant,  and  always  exceeds  that  in  venous  blood.  It  is 
estimated  (at  0°  C.  and  760  mm.  pressure)  that  every  100  volumes 
of  arterial  blood  yield  20  volumes  of  oxygen,  whilst  in  venous 
blood  the  amount  of  oxygen  varies  from  8  to  12  volumes  in 
every  100  of  blood. 

The  oxygen  which  comes  off  in  the  Torricellian  vacuum  exists 
in  the  blood  in  two  distinct  states :  (i)  a  very  small  quantity 
simply  absorbed — about  as  much  as  water  absorbs  under  atmos- 

*  I.  At  the  same  temperature  the  volume  of  a  gas  varies  inversely  with  the  pressure,  so 
that  with  twice  the  pressure,  a  given  volume  of  a  gas  is  twice  the  weight  of  the  same  volume 
at  the  original  pressure. 

II.  A^given  liquid  absorbs  the  same  volume  of  a  given  gas  to  which  it  is  exposed,  inde- 
pendent of  the  pressure  exercised  by  that  gas. 

III.  Therefore  the  amount  byiueighi  of  gas  absorbed  by  a  liquid,  at  a  given  temperature, 
depends  directly  on  the  pressure,  being  nil  in  vacuo. 

IV.  The  weight  of  a  given  volume  of  a  gas  decreases,  and  the  coedicient  of  absorption  of 
a  liquid  diminishes,  as  the  temperature  increases. 

V.  Therefore  the  amount  of  gas  absorbed  is  in  inverse  proportion  to  the  temperature, 
being  practically  nil  at  boiling  point. 
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pheric  pressure ;  (2)  chemically  combined,  in  which  state  nearly 
all  the  oxygen  exists,  forming  with  the  hemoglobin  the  loose 
combination  called  oxyhemoglobin.  This  oxygen  therefore  does 
not  follow  the  laws  of  absorption  by  leaving  the  blood  in  propor- 
tion as  the  pressure  is  reduced,  but  when  a  certain  point  of 
reduction  of  pressure  (20-30  mm.  mercury,  according  to  the 
temperature)  is  reached,  the  oxygen  suddenly  comes  off,  almost 
completely. 

Carbon  Dioxid  (CO,). — The  amount  of  carbon  dioxid  also 
varies  more  in  venous  than  in  arterial  blood,  for  under  certain 
circumstances  (suffocation)  it  may  rise  to  over  60  volumes  per 
cent.,  although  ordinary  venous  blood  on  an  average  contains 
only  46  volumes  in  every  loo  of  blood.  On  the  other  hand,  the 
amount  of  this  gas  in  arterial  blood  varies  little  from  39  volumes 
per  cent. 

Nearly  all  the  carbon  dioxid  exists  in  the  plasma,  where  some 
of  it  appears  to  be  chemically  combined  with  soda  salts. 

Nitrogen. — The  amount  of  nitrogen  does  not  vary  much,  being 
in  both  venous  and  arterial  blood  about  1.5  volume  per  cent., 
and  it  would  appear  to  be  simply  absorbed. 

For  further  details  about  the  gases  of  arterial  and  venous 
blood,  see  Respiration. 
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CHAPTER  XIII. 
COAGULATION  OF  THE  BLOOD. 

In  speaking  of  the  chemical  relationships  of  the  plasma  (see  p. 
237),  the  formation  of  fibrin  has  been  mentioned  as  the  essential 
item  in  coagulation.  It  was  there  explained  that  the  presence  of 
the  red  corpuscles  was  only  an  incidental  part  of  the  spontaneous 
coagulation  of  the  blood.  This  was  first  shown  by  William  Hew- 
son,  whose  experiments,  published  some  120  years  ago,  form  the 
basis  of  our  present  knowledge  of  the  subject,  and  enable  us  to 
understand  the  various  characteristics  of  the  clot  which  forms 
when  blood  is  shed  into  a  vessel. 

The  great  importance  of  the  coagulation  of  the  blood  in  arrest- 
ing bleeding  and  in  certain  pathological  processes  makes  it  ex- 
pedient to  consider  more  closely  the  steps  of  the  process  and  to 
inquire  into  the  various  circumstances  which  facilitate  its  occur- 
rence, after  the  blood  is  shed  as  well  as  in  the  living  vessels. 

I.  Coagulation  of  Shed  Blood. 

Before  the  formation  of  a  perfect  clot,  blood  may  be  seen  to 
pass  through  three  stages:  i,  viscous;  2,  gelatinous;  3,  contrac- 
tion of  clot  and  separation  of  serum. 

The  first  stage  is  commonly  very  short,  and  in  thin  layers  of 
blood  passes  immediately  into  the  second.  In  cold  weather  con- 
siderable quantities  of  blood,  if  contained  in  deep  vessels,  take  a 
much  longer  time  to  stiffen,  so  that  the  first  stage  may  occupy 
from  one  minute  to  some  hours. 

The  second  stage,  when  the  mass  has  been  turned  into  a  firm 
jelly,  may  be  arrived  at  within  the  varying  limits  just  named,  and 
occupies  a  corresponding  period  :  only  a  few  minutes  if  the  mass 
be  small,  spread  out,  or  shaken,  but  many  hours  if  a  large  quan- 
tity be  kept  motionless  and  cool. 
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The  third  stage  therefore  begins  sometimes  as  soon  as  ten  to 
fifteen  minutes,  but  generally  after  some  hours.  Clear  drops  of 
serum  appear  about  the  clot.  After  several  hours  this  contracts 
until  it  forms  but  a  comparatively  small  mass  floating  in  the  se- 
rum. If  the  jelly-like  clot  be  disturbed,  the  serous  fluid  makes 
its  appearance  much  sooner  than  the  time  just  stated. 
,  During  the  formation  of  the  clot  under  ordinary  circumstances 
the  corpuscles  are  entangled  in  the  meshwork  of  fibrin,  so  that  the 
gelatinous  mass  has  throughout  a  dark-red  color. 

If  the  coagulation  takes  place  slowly — as  it  does  in  very  cold 
weather,  in  horses'' blood,  or  in  human  blood  if  removed  from  a 
person  during  fever— ^then  the  heavier  red  corpuscles  have  time 
to  subside  to  the  lower  layers  of  the  clotting  plasma,  while  the 
white  cells  remain  and  are  caught  in  the  meshes  of  the  fibrin  in 
the  upper  layer  of  the  clot,  which  then  has  the  pale  color  famil- 
iar to  the  physician  in  the  old  days  of  bleeding  as  the  "buify 
coat,"  or  crusta phlogistica.  This  buffy  coat  contains  a  greater 
proportion  of  the  elastic  fibrin  and  soft  white  cells  than  the  rest 
of  the  clot,  and  encloses  but  few  red  corpuscles,  therefore  the 
fibrin  can,  contract  more  completely  in  this  upper  layer  than  in 
the  deeper  part  of  the  clot  which  includes  the  red  corpuscles. 
The  effect  of  this  is,  that  the  upper  surface  becomes  concave,  and 
a  "cupped"  clot  is  formed.  The  contraction  of  the  clot  pro- 
ceeds for  days,  and  in  order  to  see  the  characters  described  above 
the  blood  should  be  kept  in  a  cool  place  and  perfectly  motionless. 

The  contraction  of  the  fibrin  and  separation  of  the  serum  can 
be  made  to  take  place  much  more  quickly  by  gentle  agitation,  • 
by  causing  the  ends  of  the  fibrin  threads  to  separate  from  the  sides 
of  the  vessel,  but  by  thus  disturbing  the  clot  during  its  forma- 
tion, the  corpuscles  are  displaced  and  escape  into  the  serum, 
which  is  then  stained  and  cannot  be  seen  in  its  clear,  transparent 
state. 

If  brisk  agitation  with  a  glass  rod — or,  better,  a  bundle  of  twigs 
— be  commenced  the  moment  the  blood  is  drawn,  the  fibrin  is 
formed  more  rapidly,  but  the  corpuscles  are  not  entangled  in  its 
meshes,  for  as  quickly  as  the  elastic  threads  are  formed  they  ad- 
here to  and  are  removed  by  the  rod  or  twigs.  Thus  the  fibrin 
23 
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is  formed  very  rapidly,  and  the  ordinary  stages  in  the  formation 
of  a  blood-clot,  consisting  of  fibrin  and  the  corpuscles,  do  not  oc- 
cur, for  the  fibrin  is  separated  from  the  corpuscles  as  quickly  as 
it  is  formed.  We  then  have  what  is  spoken  of  as  "  defibrinated 
blood,"  which  does  not  give  a  blood-clot.  Not  that  the  coagu- 
lation has  been  prevented,  but  the  material  essential  for  the  for- 
mation of  a  clot  has  been  removed  as  quickly  as  formed,  and  in- 
stead of  catching  the  corpuscles  in  the  meshes  of  its  delicate  fibrils 
to  form  the  clot  in  the  ordinary  way,  the  stringy  shreds  of  fibrin 
cling  around  the  beating-rod  as  a  jagged  -mass.  The  following 
tables  show  the  relation  of  the  different  constituents  of  coagulated 
and  defibrinated  hXooA  respectively  : — 

Living  _   r  Plasma        1   _   f  ^j;r  (f  PP^'^S  ^^  <=!="  ""d); 
blood  —  1   Corpuscles  /  —   1   3,"'"°  T      I  =  Blood-clot. 


Plasma         1  f  ^^'■"'"  (^PP^^""? 

Corpuscles  }=[^;^;;^+ J  =: 

,   _,  ^  C  Fibrin  (removed  on  the  rodV 

=  \  ^'^™* ,      \  =  \  Serum  +     1  f  Defibnnated 

\  Corpuscles  /        |  Corpuscles    |  =  j       blood. 


Many  circumstances  influence  the  rapidity  with  which  a 
blood-clot  is  formed.  Speaking  generally,  circumstances  which 
tend  to  injure  the  corpuscles  or  the  plasma,  and  give  rise  to 
changes  resulting  in  their  death,  promote  coagulation ;  while, 
on  the  other  hand,  conditions  which  protect  the  corpuscles  and 
impede  fibrin  formation  must  retard  coagulation. 

These  may  be  arranged  categorically,  viz.  : — 

A.  Circumstances  promoting  coagulation : — 

1.  Contact  with  foreign  bodies  is  of  the  first  importance  in 

hastening  coagulation.  The  greater  the  surface  of 
contact  with  the  vessel  or  the  air,  the  more  the  cor- 
puscles are  exposed  to  injury,  and  the  more  rapid  are 
the  destructive  chemical  changes  inducing  fibrin  for- 
mation. Thus  a  drop  or  two  of  blood  falling  on  any 
surface  so  as  to  spread  out  in  a  thin  layer  clots  almost 
instantly. 

2.  Motion,  by  renewing  the  points  of  contact  between  the 

blood  and  the  moving  agent,  hastens  fibrin-formation. 
Thus,  by  whipping  fresh  blood,  all  the  fibrin  can  be 
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removed  in  a  few  minutes,  and  the  defibrinated  blood 
left  without  a  clot. 

3.  Moderate  heat.     The  formation  of  the  fibrin  generators 

and  the  action  of  the  ferment  seem  to  go  on  more 
rapidly  at  38°-4o°  C.  than  at  any  other  temperature. 

4.  A  watery  condition  of  the  blood  causes  rapid  coagulation 

but  a  soft  clot.  This  is  seen  in  repeated  bleedings  or 
hemorrhages ;  the  blood  which  flows  last  clots  first. 

5.  The  addition  of  a  small  quantity  of  water,  by  setting  up 

rapid  changes  in  the  corpuscles,  accelerates  coagulation. 

6.  A  supply  of  oxygen.     Oxygen  is  used  up  in  the  chemical 

changes  attendant  upon  the  death  of  the  blood,  and 
its  presence  aids  the  formation  of  firm  clots,  such  as  are 
produced  in  arterial  blood.  Exposure  to  the  air  in  a 
shallow  vessel  facilitates  coagulation,  partly  by  exten- 
sive contact  and  partly  by  a  free  supply  of  oxygen. 
But  exposure  to  air  is  not  necessary,  because  blood 
collected  over  mercury,  without  ever  coming  in  contact 
with  the  air,  coagulates  very  rapidly. 

B.  Circumstances  which  retard  coagulation : — 

1.  Constantly  renewed  ^  and   close   inter-relationship   with 

the  lining  of  healthy  blood-vessels  alone  affords  the 
requirements  essential  for  the  preservation  of  the 
living  corpuscles  and  plasma  in  their  normal  con- 
dition. 

2.  When  the  blood  is  surrounded  by  healthy  living  tissues 

interchanges  may  occur  between  them,  and  if  the 
oxygen  supply  is  deficient,  coagulation  is  much  delayed. 
Thus  considerable  quantities  of  blood  effused  into  the 
tissues  may  remain  liquid  and  black  for  many  days. 
This  dark  blood  clots  on  removal  and  exposure  to  the  air. 

3.  Low  temperature.     The   rate   of  coagulation  decreases 

below  38°  C,  and  the  process  is  checked  at  o°  C. 

4.  The  addition  of  concentrated  solutions  -of  neutral  salts 

(about  one-third  volume  of  a  30  per  cent,  solution  of 
magnesium  sulphate)  quite  prevents  coagulation. 
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S-  The  introduction  of  albumose  into  the  blood. 

6.  An  extract  of  the  mouth  of  the  leech  has  a  remarkable 

power  of  preventing  coagulation. 

7.  A  great  quantity  of  water  seems  to  render  the  action  of 

the  fibrin  factors  weak. 

8.  The  addition  of  egg  albumin,  syrup,  or  glycerin. 

9.  The  addition  of  small  quantities  of  alkalies. 

10.  The  addition  of  acetic  acid  until  a  very  slight  acid 

reaction  is  obtained. 

11.  The  addition  of  a  small  quantity  of  cC  solution  of  potas- 

sium oxalate. 

12.  Increase  in  the  amount  of  carbon  dioxid.     This,  together 

with  the  want  of  oxygen,  explains  why  venous  blood 
clots  more  slowly  and  loosely  than  arterial,  and  why 
the  blood  in  the  distended  right  side  of  the  heart  is 
frequently  liquid  after  death  from  suffocatiqn. 

13.  The  blood   of   persons    suffering    from     inflammatory 

disease  coagulates  slowly,  but  forms  a  very  firm  clot, 
which  is  "buffed  and  cupped." 

Theories  of  Coagulation. 

The  chemical  changes  comprehended  under  the  term  coagu- 
lation, beginning  when  plasma  is  deprived  of  its  means  of  vital- 
ity, and  ending  in  the  production  of  fibrin  and  serum,  are  natu- 
rally of  the  first  importance  in  studying  the  chemical  relationships 
of  living  plasma.  They  can  best  be  followed  out  in  the  coagu- 
lation of  plasma  when  separated  from  the  corpuscles,  for  although 
the  stages  in  the  coagulation  of  blood  are  the  same  (the  appear- 
ance of  an  insoluble  proteid — fibrin — being  the  one  essential  in 
either  case),  the  corpuscles  complicate  the  process  and  modify 
the  appearance  of  the  clot. 

Not  only  is  the  fibrin  not  present,  as  such,  in  the  living  plasma, 
but  it  requires,  for  its  production,  the  presence  of  other  sub- 
stances, which  either  do  not  exist  in  the  living  plasma,  or  are 
there  so  chemically  associated  as  not  to  bring  about  the  change 
which  occurs  when  the  plasma  dies. 

The  reasons  for  believing  this  are  the  following :  Fluids  which 
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sometimes  collect  by  a  slow  process  in  the  serous  cavities  of  the 
body,  e.g.,  hydrocele  fluid,  pleural  effusion,  etc.,  if  kept  quite 
clean  do  not  generally  undergo  spontaneous  coagulation.  If  to 
one  of  these  some  serum  or  recently  washed  blood-clot  be  added, 
coagulation  takes  place  just  as  in  plasma.  (Buchanan.)  The 
"  buffy  coat  "  of  a  clot,  or  a  piece  of  washed  blood  clot,  shows 
this  power  still  better,  hence  Buchanan  argued  that  it  resided  in 
the  white  corpuscles  wfiich  are  so  plentiful  in  the  buffy  coat.  He 
compared  coagulation  to  the  curdling  of  milk  by  rennet,  show- 
ing that  two  substances  were  required  to  form  fibrin, — one  was 
present  in  hydrocele  fluid,  the  other  present  in  greatest  abun- 
dance in  dead  white  corpuscles. 

The  next  worker  who  increased  our  knowledge  of  this  subject 
was  Denis,  who  showed  that  if  pure  plasma  be  treated  with 
sodium  chlorid  to  saturation,  proteid  substances  are  precipitated, 
which  readily  dissolve  if  water  be  added  to  weaken  the  salt  solu- 
tion. This  Denis  termed  plasmtn,  and  we  now  know  it  is  made 
up  of  serum-globulin,  fibrinogen,  and  fibrin-ferment.  After 
some  time  the  solution  undergoes  spontaneous  coagulation,  while 
the  plasma  from  which  it  has  been  made  has  lost  that  power. 

Schmidt  showed  that  from  hydrocele  fluid,  or  from  blood 
serum,  substances  could  be  precipitated  by  passing  a  stream  of 
carbon  dioxid  (CO 2)  through  the  fluids.  Both  precipitates 
readily  re-dissolve  in  weak  saline  solutions.  The  solution  pre- 
pared from  the  hydrocele  fluid  causes  blood  serum  to  coagulate ; 
that  prepared  from  the  blood  serum  causes  the  hydrocele  fluid 
to  coagulate ;  and  when  mixed  together  the  mixture  of  the  two 
solutions  coagulates ;  while  the  serum  and  hydrocele  fluid  from 
which  the  substances  have  been  removed  no  longer  have  the 
power  of  exciting  coagulation  in  each  other  or  in  like  fluids. 
Here,  then,  are  two  materials :  one,  obtained  in  considerable 
quantity  from  serum  after  coagulation,  is  caWtA  fibrino-plastin  or 
faraglobulin  (Schmidt),  serum-globulin  (Hammarsten) ;  the 
other,  occurring  in  serous  fluids,  is  named  fibrinogen.  Both 
these  substances  are  present  in  the  dying  plasma  of  the  blood 
prior  to  coagulation. 

In  preparing  fibrinogen  and  serum-globulin  Schmidt  found  that 
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the  more  carefully  he  operated,  the  weaker  and  more  uncertain 
their  action  as  fibrin  factors  became  ;  and  finally  he  made  solu- 
tions which,  when  added  together,  did  not  produce  coagulation, 
but  which,  when  added  to  less  pure  solutions,  gave  good,  firm 
clots.  From  this  he  suspected  that  a  third  agent,  which  acted 
as  a  ferment,  was  necessary  to  put  into  operation  the  fibrin-pro- 
ducing properties  of  the  other  two  factors.  He  further  succeeded 
in  preparing  the  third  agent,  to  which' he  gave  the  name  of 
fibrin-ferment.  By  treating  serum  with  strong  alcohol  the  pro- 
teids  are  precipitated ;  the  ferment  is  carried  down  with  them, 
and  after  standing  under"  alcohol  some  weeks  is  extracted  with 
water.  This  extract,  added  to  the  mixture  of  the  pure  fibrin 
factors,  which  previously  did  not  clot,  caused  rapid  coagulation. 

Hammarsten  determined  the  properties  of  these  substances 
more  thoroughly,  and  showed  that  the  serum-globulin  is  not  in- 
dispensable to  the  formation  of  fibrin,  because  (i)  a  solution  of 
fibrinogen  may  be  made  to  coagulate  without  its  presence ;  {2)  ■ 
the /?^r/«(?^/ia!j//V  property  of  serum-globulin  is  shared  by  casein 
and  calcic  chlorid ;  (3)  no  fibrin ,  can  be  obtained  from  pure 
serum-globulin ;  (4)  pure  serum-globulin  made  from  ferment- 
free  fluids  is  not  fibrinoplastic. 

Fibrin-ferment  is  influenced  by  those  circumstances  which 
affect  the  activity  of  ferments  in  general :  it  has  a  minimum, 
0°  C,  optimum,  38°  C,  and  maximum,  80°  C,  temperature  for 
its  activity,  with  various  gradations  of  rapidity  of  action 
between  each,  and  is  destroyed  if  heated  above  80°  C.  An 
active  solution  having  the  properties  of  the  ferment  can  be 
extracted  from  whipped  fibrin,  preserved  in  alcohol,  by  an  eight 
per  cent,  solution  of  common  salt  (Gamgee).  Halliburton  has 
shown  that  it  is  a  cell-globulin,  though  ferment-like  in  action, 
i.  e.,  producing  changes  without  being  itself  changed. 

It  has  further  been  shown  by  Green  that  the  presence  of  a 
calcium  salt  is  indispensable  for  the  formation-  of  fibrin.  This 
explains  the  fact  that  a  small  quantity  of  potassium  oxalate  added 
to  blood,  directly  it  is  shed,  prevents  its  coagulation,  for  all  the 
lime  salts  are  precipitated  as  insoluble  calcium  oxalate,  conse- 
quently there  is  no  calcium  salt  left  to  aid  in  the  formation  of 
fibrin. 
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II.  Coagulation  within  the  Vessels. 

Since  the  blood  coagulates  spontaneously  when  removed  from 
the  body,  the  question  now  arises,  how  does  it  remain  fluid  in 
the  blood-vessels  ? 

Though  this  question  has  long  occupied  much  attention,  it  is 
still  difficult  to  formulate  a  definite  answer.  Nor  can  we  expect 
to  find  any  adequate  explanation  until  we  are  better  acquainted 
with  the  exact  details  of  the  origin  of  the  fibrin  generators.  It 
must  be  remembered  that  the  blood  may  be  regarded  as  a  tissue, 
made  up  of  living  constituents  requiring  constant  assimilation 
and  elimination  for  the  maintenance  of  its  perfectly  normal  con- 
ditions and  life.  We  can  confidently  say  that  coagulation  is 
the  outcome  of  certain  chemical  changes  concomitant-with  the 
death  of  the  blood,  and  that  while  it  lives  no  such  changes  take 
place.  But  such  an  answer  adds  little  to  our  knowledge  of  the 
matter. 

Since  constant  chemical  interchange  between  the  blood  and 
its  enclosing  vessel  wall  must  be  kept  up  in  order  to  sustain  the 
complex  chemical  integrity  essential  for  its  life,  we  can  under- 
stand why  it  soon  dies  when  shed.  The  formation  of  a  solid 
and  the  separation  of  a  liquid  form  of  proteid  is  in  no  way  un- 
usual as  a  first  step  in  the  decline  from  exalted  chemical  construc- 
tion, for  similar  changes  occur  in  other  tissues,  and  in  protoplasm 
itself.  The  soft  contractile  substance  of  muscle  during  its  con- 
traction probably  tends  to,  and  at  its  death  certainly  does, 
undergo  almost  exactly  the  same  kind  of  change  as  the  blood 
in  coagulation. 

If  we  knew  accurately  the  nutritive  process  necessary  for  the 
blood  itself,  the  answer  to  the  question  would  be  much  simplified. 
But  we  have  in  the  blood  three  elements  that  probably  have 
different  modes  of  assimilation  and  elimination,  viz.,  plasma, 
white  cells,  and  red  discs.  We  practically  know  nothing  of  the 
changes  they  undergo  during  their  nutrition ;  or  what  relation 
their  chemical  processes  have  to  those  of  the  neighboring  tissues. 
We  do  know,  however,  that  there  exists  some  very  intimate 
relation  between  the  membrane  lining  the  vessel  walls  and  the 
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contained  blood.  They  seem  to  require  frequently  repeated 
contact  one  with  the  other  in  order  that  the  normal  condition 
of  both  may  be  maintained  in  perfect  vital  integrity.  That  fresh 
supplies  of  blood  are  required  by  the  vessel  wall,  may  be  shown 
by  the  fact  that  when  deprived  of  its  nutrimen^by  a  stoppage  of 
the  blood  flow,  it  soon  loses  its  power  of  retaining  the  blood, 
and  admits  of  extravasation.  And  that  renewed  contact  with 
the  vessel  wall  is  equally  necessary  for  the  integrity  of  the  blood, 
is  seen  from  the  fact  that  the  colorless  cells  become  active  and 
congregate,  the  discs  adhere  together,  and  the  plasma  coagulates 
when  stasis  interferes  with  its  intercourse  with  fresh  parts  of  the 
intima.  The  chemical  changes  going  on  in  the  one  seem  to  be 
useful  for  the  nutrition  of  the  other,  and  they  mutually  supply 
one  another  with  some  material  essential  for  their  life. 

We  probably  gain  most  knowledge  concerning  the  normal 
non-coagulation  of  the  blood  during  life  by  studying  the  con- 
ditions under  which  its  does  form  clots  in  the  living  blood- 
vessels. This  study  is  also  of  great  practical  interest,  because 
to  the  surgeon  the  mutual  nutrition  of  intima  and  blood  is  of 
the  utmost  importance  in  attaining  the  occlusion  of  vessels,  for 
it  is  upon  this  fact  he  has  mainly  to  depend  for  the  stoppage  of 
hemorrhage  from  a  wounded  artery.  A  tightly-tied  ligature 
either  injures  the  inner  coats  mechanically,  or  starves  the  intima 
by  checking  the  flow  of  blood  through  the  vessel  up  to  the  next 
branch,  and  that  portion  of  the  vessel  is  filled  with  stationary 
blood,  which  clots  and  forms  an  adherent  plug.  But  if  the 
ligature  be  applied  too  loosely,  a  slight  blood  current  passes 
through  the  point  where  the  vessel  is  tied,  and  this  suffices  for 
the  nutrition  of  the  intima  by  the  renewal  of  the  blood's  con- 
tact, so  that  no  clot  is  formed,  the  vessel  is  not  closed,  and  most 
probably  when  the  ligature  has  cut  through  the  outer  coat 
"  secondary  hemorrhage  "  occurs. 

Coagulation  does  not  occur  so  long  as  the  intima  of  the 
vessel  is  perfect  and  the  blood-flow  constant,  but  it  follows 
lesion  of  this  delicate  membrane,  whether  caused  by  injury  or 
mal-nutrition. 

The  gradual  occurrence  of  this  impairment  of  function  of  the 
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intima  can  be  watched  under  the  microscope  in  the  small  vessels 
of  a  transparent  part  during  the  initial  stages  of  inflammation. 
Owing,  to  the  arrest  of  the  flow  of  blood,  the  walls  of  the  small 
vessels  suffer  from  defective  nutrition,  and  inay  be  seen  to  allow 
some  elements  to  escape,  while  the  discs  adhere  together  and 
the  plasma  coagulates. 

In  the  larger  vessels  the  same  thing  occurs  when  inflamma- 
tion of  their  lining  membrane  destroys  its  capability  of  keep- 
ing up  the  necessary  nutritive  equilibrium.  Thus  clots  form  on 
the  inner  lining  of  the  walls  of  an  inflamed  vein,  often  growing 
so  as  to  fill  the  entire  vessel,  and  give  rise  to  a  condition  called 
thrombosis. 

On  the  valves  of  the  left  side  of  the  heart  and  in  the  arteries, 
where  the  delicate  intima  is  subjected  to  great  mechanical  strain, 
it  is  common  enough  to  find  slight  injuries  of  it  covered  over 
with  thin  clots. 

It  has  also  been  shown  that  if  any  foreign  substance,  such  as 
a  thread,  be  introduced  into  the  blood  while  circulating,  the 
colorless  corpuscles  collect  on  it  and  soon  a  coagulum  forms 
around  it.  From  this  it  would  appear  that  the  presence  of  a 
substance  which  cannot  carry  on  the  necessary  chemical  inter- 
change with  the  blood  will  excite  irritation  in  its  elements,  and 
so  effect  slight  local  death  of  the  plasma  and  the  production  of 
fibrin. 

The  time  required  for  the  production  of  intravascular  coagu- 
lation as  a  result  of  mere  stasis  is  happily  long,  for  it  has  been 
found  that  the  blood  current  may  be  stopped  in  a  limb,  by 
pressure  or  otherwise,  for  many  hours  without  coagulation  oc- 
curring. Indeed,  cases  have  occurred  where  a  tight  bandage 
has  stopped  the  circulation  for  an  entire  day  without  injurious 
consequences.  This  is  explained  by  the  fact  that  so  long  as  the 
intima  lives,  the  blood  remains  fluid ;  in  short,  the  tissues  die 
before  the  blood  clots  in  the  vessels. 

The  tissues  continue  to  live  for  some. time  after  the  animal  is 
dead,  and  so  we  see  the  blood  remains  fluid  in  the  vessels  a  con- 
siderable time,  in  fact,  as  long  as  the  vessel  wall  can  nourish 
itself  and  live.     Thus  it  has  been  shown  that,  the  blood   in 
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a  horse's  jugular  vein  separated  by  ligature  from  the  circula- 
tion, and  removed  from  the  animal,  will  remain  fluid  for  fully 
twenty-four  hours.     (Lister.) 

In  cold-blooded  animals  the  tissues  live  for  even  a  longer  time. 
The  heart  of  the  tortoise,  if  kept  under  suitable  conditions,  will 
beat  for  two  days  when  removed  from  the  body,  and,  as  Briicke 
has  shown,  blood  contained  in  it  will  remain  fluid  until  after  the 
heart  is  dead. 

If  the  details  of  the  fibrin  formation  within  the  blood-vessels 
be  followed,  it  is  found  that  the  injured  spot  or  foreign  body 
first  becomes  covered  over  with  white  corpuscles,  around  which 
threads  of  fibrin  appear  attached  to  the  rough  surface.  As  more 
fibrin  is  formed  and  the  layer  thickens,  only  a  few  cells  can  be 
seen  in  its  meshes,  but  a  great  number  always  exist  on  the  surface 
of  the  new  fibrin,  forming  a  layer  between  it  and  the  blood. 
It  is  further  remarked  that  coagulation  has  some  relation  to 
the  abundance  of  white  cells  in  all  spontaneously  coagulated 
fluids.  The  more  cells,  the  firmer  the  clot.  In  pathological 
exudations  also,  and  those  acute  serous  collections  which  coagu- 
late on  removal  from  the  body,  fine  granular  threads  of  fibrin 
seem  to  start  from  the  white  cells  and  radiate  from  them  in  a 
stellate  manner.     (Fig.  90.) 

When  white  cells  congregate  at  a  point  of  a  vessel  from  which 
the  intima  is  stripped,  their  more  active  exertion  possibly  pro- 
duces the  ferment,  etc.  And  at  the  same  time  they  remain  at 
the  injured  part  of  the  vessel  wall,  and  the  removal  of  the 
fibrin  factors  cannot  occur  at  the  place  of  injury,  since  the 
intima-  is  destroyed.  Thus,  local  clots  are  formed  which  extend 
over  the  injured  surface,  and  by  a  process  of  organization  the 
repair  of  the  denuded  patch  is  accomplished. 

Some  believe  that  a  great  number  of  white  blood-cells  undergo 
chemical  disintegration  the  instant  the  blood  is  shed,  and  con- 
sider that  the  fibrin  ferment,  and  probably  other  fibrin  generators, 
are  the  result  of  the  destruction  of  these  weak  cells,  and  exclude 
the  red  corpuscles  from  taking  any  share  in  the  process. 

In  this  connection  may  be  mentioned  the  fact  that  in  dog's 
blood,  rendered  incoagulable  by  the  addition  of  i  part  per  1000 
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of  potassium  oxalate,  and  kept  cool  in  a  sterile  vessel,  the  color- 
less corpuscles  have  retained  their  vitality  for  twenty-four  days. 
(Sherrington.) 

If  some  fresh  blood  be  allowed  to  flow  into  a  fine  capillary 
tube,  the  white  cells  can  be  seen  to  move  away  from  the  red 
discs,  and  the  formation  of  the  clot — a  delicate  fibrin  network 
enclosing  the  disds — may  be  watched.  Here  some  at  least  of 
the  white  cells  exhibit  manifestations  of  life  for  a  considerable 
time  after  the  clot  has  been  formed,  and  their  death  could  not 
have  been  the  source  of  the  fibrin  factors. 

In  conclusion,  then,  we  can  only  suppose  that,  as  in  other 
tissues,  some  chemical  changes  must  go  on  in  the  elements  of 
the  blood  in  order  to  preserve  its  integrity.  A  cessation  of  these 
changes  gives  rise  to  new  products  which  produce  fibrin,  and 
hence  cause  coagulation.  But  so  long  as  the  elements  of  the 
blood  are  ^frequently  brought  into  close  relationship  with  a 
healthy  vessel  wall,  the  fibrin  factors  are  either  produced  in  such 
small  quantity  as  to  be  ineffectual,  or  they  are  altered,  destroyed, 
or  taken  up  by  the  intima  and  possibly  utilized  for  its  nutrition. 
When  the  blood  is  removed  from  the  vessels,  the  production  of 
the  fibrin  factors  proceeds  effectually,  either  on  account  of  the 
blood  elements  undergoing  destructive  changes,  the  products  of 
which  accumulate ;  or,  owing  to  the  impossibility  of  re-integra- 
tion, the  fibrin  factors  appear  as  a  product  of  lethal  chemical 
change,  or  decomposition. 

In  accepting  the  first  view,  we  only  adopt  the  theory  of  John 
Hunter,  who  thought  coagulation  was  an  act  of  life.  If  we 
adopt  the  other  view,  we  must  needs  say  it  is  an  act  of  death. 
But,  after  all,  this  is  a  mere  difference  in  degree,  for  how  can 
we  distinguish  between  the  unsuccessful  attempt  of  a  living  tissue 
to  re-integrate,  or  regain  the  chemical  properties  upon  which  its 
life  depends,  and  the  inevitable  result  of  failure,  which,  if  pro- 
longed beyond  a  certain  point,  must  cause  its  death  ? 
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CHAPTER   XIV. 

CIRCULATION  OF  THE   BLOOD. 

The  course  taken  by  the  blood  on  its  way  to  the  various  parts 
of  the  body  is  called  the  circulation,  on  account  of  its  having  to 
make  repeatedly  the  circuit  of  vessels  leading  to  and  from  the 
heart.     The  heart  is  the  great  motor  power  which  drives  the 

blood  through  all   the  vessels,  of 
F'='  "»•  which  there  is  one  set  belonging  to 

the  circulation  in  the  organs  of  the 
system  generally,  and  another  be- 
longing to  that  of  the  lungs. 
^■'^-  ^^\  f  ^111  L.H,       Anatomists  speak  of  two  circula- 

tions— the. greater  or  systemic,  and 
the  lesser  or  pulmonary.  However, 
if  we  follow  the  course  of  the  blood 
we  see  that  both  these  sets  of  vessels 

Diagram  of  Circulation,  showing  right,  hit  ,  •         i    *.• 

R.  H.,  and  left,  L.  H.,  hearts,  and  really  belong  to  the  one  circulation, 

the  pulmonary,    P,  and  systemic,  S,  ,      .        ,.      .      ^  ,      ^  ... 

sets  of  capillary  vessels.  and,   lU    faCt,   form  bUt  OHC    ClrCUlt. 

In  all  the  higher  animals  the  heart 
forms  a  single  organ,  but  it  really  is  composed  of  two  musfcular 
pumps  which  are  anatomatically  united,  though  distinct  in  func- 
tion. These  functionally  distinct  hearts  work  at  different  parts 
of  the  circuit  traversed  by  the  blood.  The  blood  on  its  way 
through  the  pulmonary  and  systemic  vessels  requires  to  be 
pumped  twice,  in  order  to  acquire  the  force  necessary  to  over- 
come the  resistance  of  these  two  sets  of  vessels.  The  right  heart 
is  the  agent  for  pumping  the  blood  through  the  lungs.  The  left 
heart  pumps  the  blood  through  the  body  generally.  Thus 
anatomically  there  appear  to  be  two  circulations  and  but  one 
heart ;  physiologically  there  is  one  circulation  and  two  hearts ; 
or  two  separate  points  of  resistance  and  a  distinct  pumping  organ 
to  drive  the  blood  through  each. 
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Fig. 


The  circulation  might  then  be  represented  by  a  simple  diagram 
(Fig.  loo)  in  which  the  direction  of  the  current  is  indicated  by 
the  arrows.  L.  H.  shows  the  position  of  the  left  or  systemic 
pump,  and  S.  the  resist- 
ance in  the  systemic  ves- 
sels. R.  H.  represents  the 
pulmonary  pump  and  P. 
the  second  obstacle  in  the 
circuit,  viz.,  the  vessels  of 
the  lungs.  This  functional 
distinction  must  be  kept  in 
view  in  studyitig  the  dy- 
namics of  the  circulation, 
although  the  two  pumping 
organs  are  fused  into  one, 
with  two  distinct  and  sepa- 
rate channels  for  the  pas- 
sage of  the  blood. 

In  each  system  of  blood- 
vessels we  have  the  same 
general  arrangement  for 
the  distribution  and  re-col- 
lection of  the  blood. 

In  passing  from  either  the  right  or  left  side  of  the  heart  the 
blood  flows  into  tubes  called  arteries,  which  divide  and  subdivide 
until  the  branches  become  microscopical  in  size.  From  the  very 
minute  arteries  the  blood  passes  into  the  capillaries,  which  can- 
not be  said  to  branch,  but  to  form  a  network  of  delicate  tubes 
with  meshes  of  varying  closeness,  according  to  the  tissue. 

Connected  with  the  meshes  of  the  capilfaries  are  the  small 
»««j  which  collect  the  blood  from  the  networks.  (Fig  loi.) 
These  unite,  gradually  forming  larger  vessels,  which  again  are  but 
the  tributaries  of  the  large  veins  which  convey  the  blood  back  to 
the  heart. 

Little  more  than  three  hundred  years  ago  the  true  course  of 
the  blood  current,  through  the  systemic  and  pulmonary  heart, 
arteries,  and  veins,  so.as  to  form  one  circle,  was  demonstrated  by 


Capillary  Network  of  the  Choroid  of  Child  of  a 
few  months  old.     {^Cadiat.) 

a,  artery  ;  b,  vein,  and  capillary  network  inter- 
vening. 
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Fig.  I02. 


Harvey.  Before  his  time  only  the  so-called  "lesser"  or  pul- 
monary circuit  was  known.  The  magnifying  glasses  at  his  dis- 
posal did  not  enable  him  to  see  the  capillaries,  which  were  first 

described  by  Malpighi  some  fifty 
years  later. 

In  the  hope  of  making  their  dif- 
ferent functions  appear  more  obvi- 
ous, the  various  parts  of  the  circu- 
latory apparatus  may  be  enumerated 
as  follows,  and  roughly  illustrated 
by  a  diagram : — 

1.  The  left  (systemic)  heart  (L. 
H.)  pumps  the  blood  into  the  sys- 
temic arteries,  and  thus  keeps  these 
vessels  over-filled. 

2.  The  larger  systemic  arteries 
(A),  by  their  elasticity,  exert  con- 
tinuous pressure  on  the  blood,  with 
which  they  are  distended. 

3.  The  smaller  systemic  arterioles 
(A'.)  by  their  vital  contractility, 
check  and  regulate  the  amount  of 
blood  flowing  out  of  the  larger  arte- 
ries into  the  capillaries,  and  thus 
keep  up  a  high  pressure  in  the  larger 
arteries  (A.). 

4.  In  the  systemic  capillaries  (S.  C.)  the  essential  operations 
of  the  blood  are  carried  out,  viz.,  the  chemical  interchanges 
between  it  and  the  tissues.. 

5.  The  wide  systemic  veins  (V.)  are  the  passive  channels  con- 
veying the  venous  blood  to  the  pulmonary  heart. 

6.  The  right  (pulmonary)  heart  (R.H.)  pumps  the  blood  into 
the  pulmonary  arteries  and  distends  them. 

7.  The  pulmonary  arteries  (P.A.)  press  steadily  upon  the 
blood  and  force  it  through  the  lungs. 

8.  The  small  pulmonary  arterioles  (Pa),  which  regulate  the 
flow  into  the  capillaries  of  the  lungs. 


Diagram  of  the  Circulation  of  the 
Blood  and  the  absorbent  vessels.  For 
details  see  text. 
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9.  In  the  pulmonary  capillaries  (P.C.)  the  blood  is  exposed 
to  the  air,  and  undergoes  active  gas  interchange. 

10.  The  pulmonary  veins  (P-V.)  carry  the  blood  to  the  left 
heart,  and  thus  complete  the  circuit. 

11.  'Lh  indicates  the  lymphatics,  which  drain  the  tissues, 
and  IjC  the  lacteals,  which  absorb  from  the  stomach  and  intes- 
tines (I). 

Although  the  blood  enters  the  arteries  by  jerks,  its  motion 
through  the  capillaries  is  even  and  continuous,  because  the  walls 
of  the  arteries  being  distended  by  the  pumping  of.  the  heart, 
which  fills  the  aorta  and  the  arteries  more  quickly  than  they  can 
empty,  exerts  a  continuous  pressure  on  the  blood  and  forces  it 
evenly  into  the  capillaries.  The  very  minute  arterioles  are  the 
chief  agents  in  resisting  the  too  rapid  outflow.  By  contracting 
they  keep  up  the  arterial  pressure. 

I.  Thk  Hkart. 

The  heart  of  man  and  other  warm-blooded  animals  may  be 
said  to  be  made  up  of  two  muscular  sacs,  the  pulmonary  and 
systemic  pumps,  or,  as  they  are  commonly  termed,  the  right 
and  left  sides  of  the  heart ;  between  these  no  communication 
exists  after  birth.  Each  of  these  sacs  may  be  divided  into  two 
chambers :  one,  acting  as  an  ante-chamber,  receives  the  blood 
from  the  veins;  it  has  very  thin  walls  and  is  called  auricle ;  the 
other,  the  ventricle,  is  the  powerful  muscular  chamber  which 
pumps  the  blood  into  and  distends  the  arteries.  (Figs.  103  and 
104.) 

In  the  empty  heart  the  great  mass  of  the  organ,  which  forms  a 
blunted  cone,  is  made  up  of  the  ventricles,  while  the  flaccid 
auricles  are  found  retracted  to  an  insignificant  size  at  its  base. 
The  ventricles  have  a  capacity  of  about  six,  the  auricles  about 
four  ounces,  when  distended. 

The  walls  of  both  the  auricles  are  about  the  same  thickness, 
while  the  amount  of  muscle  in  the  wall  of  the  ventricles  differs 
materially.  The  wall  of  the  left  ventricle,  including  that  part 
which  forms  the  interventricular  septum,  is  nearly  three  times  as 
thick  as  that  of  the  right  or  pulmonary  ventricle. 
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Arrangement  of  Muscle  Fibers. — At  the  attachment  of 
each  auricle  to  its  corresponding  ventricle  there  is  situated  a 
dense  ring  of  tough  connective  tissue,  which  surrounds  the  open- 


FlG.  103. 


Interior  of  Right  Auricle  and  Ventricle  Exposed  by  the  Removal  of  a  Part  of  their  Wails, 
{Allen  Thomson.) 

I,  superior  vena  cava ;  2,  inferior  vena  cava  ;  2',  hepatic  veins :  3,3',  3",  inner  wall  of  right 
auricle;  4,  4,  cavity  of  right  ventricle ;  4',  papillary  muscle;  5,  5',  5",  flaps  of  tricuspid 
valve;  6,  pulmonary  artery,  in  the  wall  of  which  a  window  has  been  cut  ;  7,  on  aorta 
near  the  ductus  arteriosus ;  8,  g,  aorta  and  its  branches  ;  10,  11,  left  auricle  and  ven- 
tricle. 


ings  leading  from  the  auricles  to  the  ventricles.     Similar  tendi- 
nous rings  (zona  tendinosa)  exist  around  the  orifice  of  the  aorta 
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and  pulmonary  arteries.  These  tendinous  rings  form .  the  basis 
of  attachment  for  the  muscle  bundles  of  the  walls  of  both  the 
ventricles  and  auricles. 

Fig,  104 


The  Left  Auricle  and  Ventricle  Opened  and  Part  of  their  Walls  Removed  to  Show  their 
Cavities.    {Allen   Thomson,')  * 

I,  right  pulmonary  vein  cut  short ;  i',  cavity  of  left  auricle  ;  3,  3",  thick  vk-all  of  left  ven- 
tricle :  4,  portion  of.the  same  with  papillary  muscle  attached ;  5,  the  other  papillary 
muscles ;  6,  6^,  the  segments  of  the  mitral  valve  :  7,  in  aorta  is  placed  over  the  semi- 
lunar valves. 


In  the  ventricles  many  layers  of  muscles  can  be  made  out. 
The  outer  fibers  pass,  in  a  twisted  manner  from  the  base  toward 
24 
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the  apex,  where  they  are  tucked  in  so  as  to  reach  the  inner  sur- 
face of  the  ventricular   cavity. 
^"'-  '°=-  They   then    pass    back    to    be 

attached  at  the  base ;  some,  pass- 
ing into  the  papillary  muscles, 
are  connected  with  the  cardiac 
valves  through  the  medium  of  the 
chordae  tendinae ;  and  the  others, 
forming  irregular  masses  of  mus- 
cle on  the  inner  surface  of  the 
cavity,  pass  in  various  directions 
toward  the  base,  to  be  fused  with 
the  tendinous  rings  around  the 
arterial  orifices.  Another  set  of 
layers  passes  transversely  around 
the  ventricle,  lying  between  the 
inner  and  outer  sets,  and  passing 
nearly  at  right  angles  to  them. 

The  muscular  fibers  forming 
the  thin  auricular  walls  have 
their  origin  from  the  zones  of  the  auriculo-ventricular  orifices, 
and  pass  very  irregularly  around  the  cavities.  The  outer  set  of  , 
fibers  have  a  transverse,  the  inner  a  longitudinal  direction. 
Bands  of  fibers  encircle  the  orifices  of  the  great  veins,  and 
extend  for  some  little  distance  along  the  vessels,  particularly  on 
the  pulmonary  veins,  which  have  thick,  circular,  muscular  coats 
after  they  leave  the  lungs. 

The  fibers  of  the  auricles  are  only  directly  continuous  with 
those  of  the  ventricles  through  the  auriculo-ventricular  septum, 
the  other  fibers  being  only  related  to  each  other  by  their  points 
of  origin,  viz.,  the  auriculo-ventricular  fibrous  zones. 


Striated  Muscle  Tissue  of  the  Heart, 
showing  the  trelliswork  formed  by  the 
short  branching  cells;  with  central 
nuclei. 


Structure. — The  muscle  tissue  of  the  heart  differs  both  in 
structure  and  mode  of  action  from  the  other  contractile  tissues  of 
the  body.  The  elements  are  firmly  united  with  one  another  to 
form  irregular  close  networks,  which,  however,  can  be  broken 
up  into  masses  easily  recognizable  as  peculiar  cells.     These  cells 
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are  irregular  prismoidal  blocks,  the  blunt  ends  of  which  are  often 
split,  allowing  connection  with  two  contiguous  cells.  They  con- 
tain a  nucleus,  situated  in  the  central  axis  of  the  cell.  The  cells 
are  not  surrounded  by  a  distinct  sheath  of  sarcolemma. 

Though  striated,  the  action  of  the  heart  muscle  is  peculiarly 


Portion  of  the  Wall  of  Ventricle,  d  d' ,  and  Aorta,  a  i  c,  showing  attachments  of  one  flap  ot 
mitral  and  the  aortic  valves  :  h  and  £-,  papillary  muscles ;  e^  i,  and/",  attachment  of  the 
tendinous  cords.    {^Allen  Thomson^ 

independent  of  the  higher  nervous  centers,  being  quite  involun- 
tary ;  it  is  characterized  by  a  definite  periodicity,  and  is  incapa- 
ble of  tetanus.  The  duration  of  its  contraction  is  very  long 
when  compared  with  that  of  the  skeletal  muscles,  but  is  much 
shorter  than  that  of  the  cont^ac^:ing  tissues  of  most  hollow  viscera. 
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Valves. — The  orifices  which  lead  into  and  out  of  the 
ventricles  have  peculiar  arrangements  of  their  lining  texture, 
forming  valves  which  allow  the  blood  to  pass  only  in  a  certain 
direction.  The  valves,  which  form  a  most  interesting  and 
important  part  of  the  mechanism  of  the  heart,  are  of  two  kinds, 
each  differing  in  their  mode  of  action.  One  prevents  the 
passage  of  the  blood  from  the  ventricles  to  the  auricles,  the 
other  guards  the  openings  into  the  great  arteries. 


The  Orifices  of  tlie  Heart  Seen  from  Below,  the  whole  of  the  ventricles  being  cut  away-,  and 

the  curtains  of  the  auriculo-ventricular  valves  drawn  down  by  threads  attached  to  the 

chordae  tendinse.     {Ifujriey.) 
RA  V,    right  auriculo-ventricular  opening  surrounded  by  the  flaps,  of   tricuspid ;    LA  V, 

left  auriculo-ventricular  opening  and   attached  mitral  valve;     PA^  pulmonary  valves 

closed  :    A  O,  aortic  valves  closed. 


The  auriculo-ventricular  valves  have  a  sail-like  action.  They 
are  made  up  of  delicate  curtains,  formed  of  thin  sheets  of 
connective  tissue,  arising  from  the  margins  of  the  auriculo- 
ventricular  openings,  which  form  the  fixed  attachment  of  each 
of  the  curtains  of  the  valves.  The  free  edges  and  ventricular 
surfaces  of  the  curtains  are  blended  with  the  tendinous  cords 
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coming  from  the  papillary  muscles,  and  thus  give  points  of 
tendinous  attachment  to  some  of  the  bundles  of  muscle  fibers 
in  the  wall  of  the  ventricle.  At  the  right  ariculo-ventricular 
opening  there  are  three  chief  curtains ;  hence  it  is  called  the 
"tricuspid"  valve  (Fig.  lo"],  JiAV).  The  opening  from  the 
left  auricle  to  the  left  ventricle,  which  is  about  one-third 
smaller,  is  guarded  by  two  large  valvular  flaps,  and  is  hence 
called  the  "bicuspid,"  or  more  commonly  "mitral,"  valve 
(Fig.  io6). 

The  aortic  and  pulmonary  valves  are  made  up  of  three  deep 
semi-lunar  pockets  with  free  margins .  looking  toward  the  vessel. 
The  convex  base  of  each  pocket  is  attached  to  the  arterial  orifice 
of  the  ventricle,  with  the  lining  membrane  of  which  it  is 
continuous. 

II.  Action  of  the  Valves. 

Auriculo-Ventricular  Valves. — The  mode  of  action  of 
the  flaps  of  the  tricuspid  and  mitral  valves  is  like  that  of  a  lateen 
sail  of  a  boat,  if  we  substitute  the  blood  stream  for  the  air  cur- 
rent; the  tendinous  cords  acting  as  the  "sheet"  or  rope  which 
restrains  the  sail  when  filled  with  wind. 

The  curtains  of  the  valves  may  at  first  be  considered  as  lying 
close  to  the  ventricular  wall.  As  the  ventricle  gradually  becomes 
filled,  the  flaccid  muscular  wall  is  moved  away  from  the  valves, 
which  are  held  close  together  in  the  midst  of  the  fluid  by  the 
tendinous  cords  from  the  papillary  muscles.  When  the  auricle 
contracts,  a  column  of  blood  is  driven  into  the  ventricle,  which, 
though  not  distended,  is  already  filling  with  blood.  This  sudden 
central  inflow  gives  rise  to  lateral  back-eddies  behind  the  flaps 
T^hich  carry  the  valves  over  the  auricular  orifice.  By  the  time 
the  auricle  has  emptied  itself  into  the  ventricle,  the  flaps  of  the 
valves  are  in  contact  with  each  other  and  the  orifice  is  closed. 
When  the  ventricle  begins  to  contract  upon  its  contained  blood, 
the  pressure  makes  the  valves  tense  and  the  fluid  bellies  out  the 
sail-like  flaps  toward  the  auricles,  so  that  their  convex  sides  come 
into  still  closer  and  more  extended  apposition  with  one  another. 
Their  free  margins  are  held  firmly  in  position  by  the  tendinous 
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cords  and  the  papillary  muscles.  The  flaps  are  kept  at  much  the 
same  tension  while  the  ventricle  empties  itself  by  the  contraction 
of  the  papillary  muscles,  which  shorten  the  cords  in  proportion 
to  the  diminution  of  the  size  of  the  cavity.  By  this  mechanism 
the  valves  are  prevented  from  bulging  too  much  into  the  auricles, 
or  allowing  the  blood  to  pass  back  into  them. 

The   Arterial   Valves. — The   semilunar  valves  are   mere 
membranous  pockets,  and  have  no  tendinous  cords  attached  to 


Fig.  io8. 


SJL 


The  Orifices  of  tile  Heart  Seen  from  Above,  botli  tlie  auricles  and  tlie  great  vessels  being 

removed.     {Huxley.) 
PA,  pulmonary  artery  and  its  semilunar  valves  ;  Ao,  aorta  and  its  valves ;  RA  V,  tricuspid 

and,  LA  K,  bicuspid  valves. 


them  ;  but  on  account  of  the  extent  of  their  convex  attachment, 
when  their  free  margin  is  made  tense  by  the  pocket  being  filled 
.from  the  artery,  the  valves  can  only  pass  a  given  distance  from 
the  wall  of  the  vessel,  and  are  thus  held  firmly  in  position.  The 
force  of  the  blood  leaving  the  ventricle  distends  the  vessel  and 
pushes  its  wall  away  from  the  less  elastic  valve.  When  the  force 
begins  to  diminish,  the. blood  passes  behind  the  semilunar  flaps 
and  raises  them  from  the  wall  of  the  distended  artery.     The 
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moment  the  current  from  the  ventricle  has  ceased  to^flow,  the 
pockets — already  containing  blood — are  forced  back  by  the 
aortic  blood  pressure  and  bulge  into  the  lumen  of  the  vessel,  so 
that  the  convex  surface  of  the  lunated  portions  of  each  valve  is 
pressed  against  corresponding  parts  of  its  neighbors.  Their 
union,  which  is  accomplished  by  the  overlapping  of  their  surfaces 
down  to  the  edge  of  the  lunulse,  forms  three  straight  radiating 
lines,  and  is  a  perfectly  impervious  barrier  to  any  backward  flow 
of  blood  (Fig.  io8,  PA.  and  Ao.'). 
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III.  The  Cardiac  Cycle. 

The  blood,  flowing  from  the  systemic  and  pulmonary  veins, 
passes  unopposed  into  the  right  and  left  auricles  respectively. 
Immediately    the    auricles    are    filled,    their    walls    suddenly 
contract  and  press  the  blood' 
into  the  right  and  left  ven-  Fie  ^^ 

tricles,  and  the  ventricles 
then  instantly  contract  and 
force  it  into  the  great  arte- 
ries. 

The  blood  cannot  pass 
back  into  the  veins  from 
the  auricles  when  they  con- 
tract, because  the  auricular 
contraction  commences  at 
the  orifices  of  the  great 
venous  trunk,  which  are  sur- 
rounded by  heart  muscle  for 
some  distance.  It  cannot 
flow  back  to  the  auricles, 
because  the  blood  current 
on  its  fentry  into  the  ven- 
tricles closes  the  valves.  A 
backward  flow  from  the  large 
arteries  is  prevented  by  the 
current  distending  the- semi- 
lunar pockets,  and  thus 
firmly  closing  the  valves. 


■niiHsafl 
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Curves  Drawn  on  a  Moving  Surface  by  Three 
Levers,  which  are  connected  with  the  interior 
of  the  heart,  viz  : — 

Upper  line  shows  the  changes  of  pressure  occur- 
ring in  the  right  auricle  ;  center  line  shows  the 
pressure  changes  within  the  right  ventricle; 
lower  line  shows  the  changes  of  pressure  oc- 
curring in  the  left  ventricle  (the  smoked  sur- 
face is  moved  from  right  to  left).  {^After 
Chauveau.) 
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The  contraction  of  the  cavities  of  the  heart  is  called  their 
systole,-  the  period  of  rest  is  called  their  diastole,  the  two  periods 
make  up  the  cardiac  cycle. 

Systole  of  the  Heart. — The  systole  of  the  corresponding 
cavities  of  both  sides  of  the  heart  is  exactly  synchronous ;  that 
is  to  say,  the  auricles  contract  simultaneously,  and  the  contrac- 
tion of  the  ventricles  follows  immediately  that  of  the  auricles. 

While  the  auricles  are  contracting,  the  ventricles  are  relaxed, 
and  the  relaxation  of  the  auricles  commences  immediately  after 
the  ventricular  contraction  begins. 

The  entire  cycle  of  the  heart-beat,  occupying  nearly  a  second 
in  the  healthy  adult,  may  be  divided  into  three  stages : — 

Auricular  systole. 
Ventricular  systole. 
General  diastole. 

The  exact  time  occupied  by  each  phase  of  the  cycle  can  be 
calculated  by  registering  graphically  the  motions  of  the  auricles 
and  ventricles  directly  communicated  to  levers  brought  into  con- 
tact with  their  surface,  or  by  recording  graphically  the  pressure 
changes  which  occur  within  the  cavities,  by  introducing  into 
them  little  elastic  sacks  filled  with  air,  whence  the  pressure 
changes  are  communicated  to  a  "tambour,"  and  registered  on 
a  smoked  surface. 

The  diastole  or  pause  is  the  longest  and  the  most  variable. 
Next  in  duration  is  the  ventricular  systole,  while  the  shortest  is 
the  auricular  systole. 

The  following  figures  give  approximately  the  proportion  of 
time  occupied  by  each  part  of  the  cycle  in  the  case  of  a  horse, 
whose  intracardiac  tension  was  registered,  in  the  manner  just 
referred  to,  while  his  heart  was  beating  about  fifty  times  in  the 
minute: — 

Proportion  Duration 

of  cycle.  in  seconds. 

Auricular  systole,  .  \  =  0.2" 

Ventricular  systole, \  =  0.4" 

Passive  interval, I  =  0.6" 
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Or  if  we  assume  the  human  heart  to  beat  some  seventy  times 
a  minute,  which  is  about  the  normal  rate,  each  cycle  would 
occupy  about  -^  of  a  second,  made  up  as  follows : — 

Auricular  systole ^    ^j  of  a  second. 

Ventricular  systole, =:    ySj^  " 

Pause =    A  " 

The  duration  of  the  auricular  and  ventricular  systole  varies 
little  except  under  abnormal  circumstances,  but  the  pause  is  con- 
stantly undergoing  slight  changes.  In  fact,  the  rate  of  the  heart 
beat  depends  upon  the  duration  of  the  diastole,  which  is  less  in 
proportion  as  the  heart  beats  more  quickly. 


IV.  Cardiac  Movements. 

If  the  thorax  of  a  recently  killed  frog  be  opened,  the  heart 
can  be  observed  beating  in  situ,  and  the  different  acts  in  the 
cycle  studied  without  difificulty. 

In  mammalia,  in  order  to  see  the  heart  in  operation,  it  is 
necessary  to  keep  up  artificial  respiration,  during  which  the  heart 
continues  to  beat  regularly,  though  the  thorax  be  opened.  A 
careful  inspection  of  the  beating  heart  shows  that  during  its 
cycle  of  action  certain  changes  take  place  in  the  shape  and 
relative  position  of  its  cavities.  This  is  owing  partly  to  the 
change  in  the  amount  of  their  blood  contents,  and  partly  to  the 
form  assumed  by  the  muscular  wall  when  contracting. 

During  the  diastole  the  auricles  are  seen  to  swell  gradually  on 
account  of  the  blood  flowing  into  them  from  the  veins :  when 
the  auricular  cavities  are  nearly  full,  a  contraction,  commencing 
in  the  great  venous  trunks  near  the  heart,  passes  over  the 
auricles  and  gives  rise  to  their  rapid  systolic  spasm.  The 
auricles,  suddenly  diminish  in  size  and  appear  to  become  pale. 
When  the  blood  is  being  propelled  through  the  auriculo-ventri- 
cular  openings,  the  flaccid  walls  of  the  ventricles  appear  to  be 
drawn  over  the  liquid  mass  by  the  contraction  of  the  muscular 
walls  of  the  auricles  (just  as  a  stocking  is  drawn  over  the  foot  by 

25 
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the  hands),  and  the  base  of  the  ventricles  is  thus  drawn  upward. 
The  instant  the  ventricles  have  received  their  full  charge  of 
blood  from  the  auricles  they  contract,  becoming  shorter  by  the 
movement  of  the  base  toward  the  apex,  and  thicker  by  their 
elongated  cone  becoming  rounder.  The  great  arteries  are  at  the 
same  time  distended  with  the  blood  from  the  ventricle  and 
elongated,  their  elastic  walls  being  drawn  down  over  the  liquid 
wedge.  The  soft  elastic  tissues  are  thus  in  turn  made  to  slide, 
as  it  were,  over  the  incompressible  fluid  that  forms  the  fulcrum, 
which  the  muscular  walls  use  as  a  purchase. 

During  the  systole,  when  the  thorax  is  open,  the  ventricles 
rotate  slightly  on  their  long  axis,  so  that  the  left  comes  a  little 
forward,  and  the  apex  also  forward  and  toward  the  right.  When 
the  systole  of  the  ventricles  ceases,  they  become  flaccid  and 
flattened,  and  the  gradual  refilling  of  the  cavities  begins,  the 
blood  flowing  readily  from  the  veins  through  the  auricles  into 
the  ventricles,  where  the  pressure,  as  in  all  parts  of  the  thorax,  is 
negative.  The  semilunar  valves  being  closed,  the  large  arteries 
grasp  firmly  the  blood,  and  by  their  steady  resilient  force  press 
it  on  toward  the  distal  vessels.  During  this  period  the  arteries 
seem  to  become  shorter  and  to  draw  the  base  of  the  heart  up 
again  by  lengthening  the  flaccid  ventricles. 

The  part  of  the  heart  which  changes  its  position  most  is  the 
line  between  the  auricles  and  ventricles,  while  the  apex  remains 
fixed  in  one  position,  only  making  a  very  slight  lateral  and 
forward  motion,  which  probably  does  not  take  place  within  the 
closed  thorax.  If  a  thin  needle  with  a  straw  attached  be  made 
to  enter  the  apex  through  the  wall  of  the  chest,  the  straw  does 
not  move  in  any  definite  direction  during  the  systole,  but  simply 
shakes.  If,  on  the  other  hand,  the  needle  be  made  to  pierce 
the  base  of  the  ventricles,  the  straw  moves  up  and  down  with 
each  systole  and  diastole. 
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V.  Heart's  Impulse. 
The  heart  communicates  its  motion  to  the  chest  wall,  and  the 
movement  can  be  felt  and  seen  over  a  limited  area,  which  varies 
with  the  thinness  of  the  individual.  This  cardiac  impulse,  as 
the  stroke  is  called,-  can  best  be  felt  in  the  fifth  intercostal  space, 
a  little  to  the  median  side  of  the  left  nipple.  It  is  found  to  be 
synchronous  with  the  ventricular  systole.  During  this  period — 
ventricular  systole — the  base  of  the  ventricles  moves  downward 
and  they  become  thicker.  The-  flaccid  cone  formed  by  the 
ventricles  during  diastole   is  somewhat  flattened    by  the  chest 


Fig. 


Cardiac  Tambour,  which  can  be  strapped  on  to  chest  wall,  so  that  the  central  button  lies 
over  the  heart-beat,  and  the  pressure  may  be  regulated  by  the  screws  at  the  side.  To 
the  tube  bent  at  right  angles  is  attached  the  rubber  tube  which  connects  the  air  cavity 
with  that  of  the  writing  tambour  shown  in  Fig.  iii. 


wall,  but  during  systole  it  becomes  rounded  and  bulges  forward, 
pushing  the  chest  wall  before  it.  This  change  in  shape  is  the 
chief  cause  of  the  cardiac  impulse. 

If  the  ventricles  be  held  gently  between  the  fingers  during 
their  systole,  a  most  striking  sensation  is  felt,  on  the  change 
of  shape  and  the  sudden  hardening  of  the  muscle.  The  mass  in 
the  ventricles,  from  being  quite  soft  and  compressible  during 
diastole,  suddenly  acquires  a  wooden  hardness,  owing  to  the 
tightness  with  which  the  muscle  grasps  the  fluid  and  the  greater 
firmness  of  the  contracting  tissue. 
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Fro.  III. 


This  hardening  gives  ihe  sensation  of  a 
sudden  enlargement.  No  matter  on  what 
surface  the  finger  be  placed,  the  heart 
seems  to  give"  a  slight  knock  in  that 
direction.  Thus,  when  grasped  between 
the  forefinger  placed  below  the  dia- 
phragm and  the  thumb  on  the  antero- 
superior  aspect,  the  impulse  is  equally  felt 
by  each  digit. 

The  important  items  in  causing  the 
impulse  are,  then,  the  change  in  shape  of 
the  ventricles  from  a  flattened  to  a 
rounded  cone,  and  their  simultaneous 
hardening,  which  no  doubt  helps  to  make 
the  movement  more  distinctly  felt  through 
the  wall  of  the  chest. 

The  point  at  which  the  impulse  is  best 
felt  corresponds  to  the  anterior  surface 
of  the  ventricles  at  a  considerable  dis- 
tance above  the  apex ;  it  is  therefore 
erroneous  to  call  the  impulse  the  "apex 
beat." 

The  cardiac  impulse  is  a  valuable 
measure  of  the  strength  of  the  systole, 
and  hence  is  of  great  importance  to  the 
clinical  physician.  It  may  be  registered 
by  means  of  an  instrument  called  the 
Cardiograph.  Many  such  instruments 
have  been  devised,  most  of  which  work 
on  the  same  principle,  and  make  a  record 
on  a  moving  surface  with  a  lever  attached 
to  a  tambour,  to  which  the  movements  of 
the  chest  wall  are  transmitted  from  a 
somewhat  similar  drum  by  means  of  air 
tubes.  In  using  this  method,  so  gener- 
ally employed  by  Marey,  one  air  tambour 
(Fig.  no)  is  applied  over  the  heart,  the 
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motions  of  which  cause  a  variation  in  the  tension  of  the  air  it 
contains;  these  variations  are  transmitted  by  a  tube, /(Fig.  iii), 
to  the  other  tambour,  b,  where  they  give  risb  to  a  motion  in  its 
Jlexible  surface,  to  which  a  delicate  lever  is  attached,  a. 

VI.  Heart  Sounds. 

The  heart's  action  is  accompanied  by  two  disttnct  sounds, 
which  can  be  heard  by  bringing  the  ear  into  firm  direct  contact 
with  the  precardial  region,  or  indirectly  by  the  use  of  the  stetho- 
scope.* 

One  sound  follows  the  other  quickly,  and  then  comes  a  short 
pause  ;  consequently  they  are  spoken  of  as  the  first  and  second 
sounds. 

The  first  sound  is  heard  at  the  beginning  of  the  ventricular 
systole.  It  is  a  low,  soft,  prolonged  tone,  and  is  most  distinctly 
heard  over  the  fifth  intercostal  space. 

The  second  sound  is  heard  at  the  moment  when  the  two  sets 
of  semilunar  valves  are  closed  and  made  tense,  that  is,  when  the 
blood  ceases  to  escape  from  the  ventricles.  It  is  a  sharp,  short 
sound,  and  is  best  heard  at  the  second  costal  cartilage  on  the 
right  side. 

The  cause  of  the  first  sound  is  not  so  evident.  Possibly 
several  factors  aid  in  its  production.  The  principal  events 
occurring  at  the  time  of  the  first  sound,  to  which  it  has  been 
attributed,  may  be  enumerated  thus : — 

1.  The  heart's  impulse. 

2.  The  rush  of  blood  into  the  arteries. 

3.  The  contraction  of  the  heart  muscle. 

4.  The  sudden  tension  of  the  ventricular  chambers  and  the 

auriculo-ventricular  valves. 
It  has  already  been  seen  that  the  heart's  impulse  is  caused  by 
a  sudden  change  in  the  shape  and  density  of  the  muscle,  and 
not  by  a  knock  against  the  chest.     The  first  sound  is  heard  more 

*  A  flexible  stethoscope  to  listen  to  one's  own  heart  sounds  can  easily  be  made  by  fitting 
the  mouthpiece  to  one  end  of  apiece  of  rubber  tubing  about  18  inches  long,  and  to  the  other 
end  the  bowl  of  a  wooden  pipe.  The  bowl  is  applied  over  the  different  regions  of  the  heart, 
and  the  mouthpiece  firmly  fitted  in  the  ear.     A  binaural  clinical  stethoscope  is  the  best. 
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clearly  when  the  chest  wall  is  removed,  so  that  the  ventricle, 
beating  against  the  thorax,  cannot  help  to  cause  the  sound. 

The  character  of  the  sound  is  quite  unlike  that  which  could 
be  produced  by  the  passage  of  the  blood  through  the  arterial 
orifices. 

The  sound  is  not  unlike  the  muscular  tone  which  accompanies 
the  contraction  of  the  skeletal  muscles.  It  corresponds  in  time 
with  the  contraction  of  the  cardiac  muscle.  In  'disease  where 
the  heart  muscle  is  weak,  the  sound  becomes  faint  or  inaudible, 
although  the  valves  are  made  tense  by  an  intra-ventricular  force 
sufficient  to  overcome  the  pressure  in  the  arteries.  Otherwise 
the  circulation  would  cease.  An  abnormal  presystolic  sound, 
like  in  character  to  the  systolic  sound,  is  now  supposed  by  some 
physicians  to  be  produced  by  the  auricular  systole ;  but  this  can- 
not depend  on  the  vibration  of  valves. 

All  this  evidence  tends  to  show  that  the  sound  is  produced  by 
th6  contraction  of  the  muscle  tissue  of  the  heart,  or,  in  short, 
that  it  depends  upon  some  sudden  physical  change  occurring 
during  the  cardiac  muscle  contraction. 

Against  the  view  that  the  muscular  sound  is  the  cause  of  the 
first  sound  is  urged  the  supposition  that  only  tetanus  causes  a 
muscle  sound,  and  a  single  contraction  is  not  accompanied  by 
any  sound.  Though  in  many  ways  it  differs  from  the  single 
contraction  of  other  muscles,  yet  the  heart-beat  is  no  doubt  a 
single  contraction.  But  the  sound,  which  may  be  heard  during 
the  voluntary  contraction  of  skeletal  muscle,  has  not  been  proved 
to  depend  on  regularly  recurrent  contractions,  such  as  occur  in 
the  tetanus  produced  by  an  interrupted  current ;  and  a  kind  of 
thud  very  like  the  first  sound  of  the  heart  may  be  heard  with  the 
single  stimulation  of  a  skeletal  muscle. 

On  the  Other  hand,  the  aurtculo-vetitricular  valves  are  made 
tense  at  the  beginning  of  the  sound,  and  injury  or  disease  of 
these  valves  is  often  associated  with  a  weak  or  altered  first 
sound  :  this  is  often  observed  in  disease  of  the  mitral  valve. 
The  blood  is  said,  by  some,  to  be  necessary  for  the  production 
of  the  sound,  because  the  gentle  closure  and  immediate  subse- 
quent tension  of  these  valves  have  a  share  in  causing  it. 
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As  before  remarked,  the  valvular  tension  would  not  account 
for  the  presystolic  sound  occasionally  heard,  and  there  is  no 
doubt  that  the  first  sound  can  be  heard  in  an  empty  heart 
removed  from  the  animal,  in  which  the  valves  cannot  become 
tense.  It  may  even  be  heard  in  the  ventricles  after  they  are 
separated  from  the  valves. 

The  sound  has  been  analyzed  with  suitable  resonators,  and 
two  distinct  tones  made  out :  one  high  and  short,  corresponding 
to  the  tension  of  the  valves ;  the  other  long  and  low,  correspond- 
ing in  duration  with  the  muscle  contraction. 

The  reasons  given  for  thinking  that  the  heart  muscle  cannot 
produce  a  sound,  suggest  that  the  sudden  state  of  tension  of  the 
ventricular  wall  when  tightened  over  the  blood  may  give  rise  to 
vibrations,  and  be  an  important  item  in  causing  the  first  sound. 
This  would  explain  the  faintness  of  the  sound,  both  when  the 
valves  were  injured  and  the  muscle  weak,  and  when  the  blood 
was  prevented  from  entering.  It  would  also  explain  the  presys- 
tolic sound,  which  requires  a  certain  auricular  tension  for  its 
production. 

From  the  foregoing  statements  it  would  appear  probable  that 
both  the  tension  of  the  valves  and  the  muscle  are  concerned  in 
the  production  of  the  first  sound. 

The  production  of  the  second  sound  is  more  easily  explained. 
Occurring  just  after  the  ventricle  is  emptied,  it  is  synchronous 
with  the  closure  and  sudden  tension  of  the  semilunar  valves  at 
the  aorta  and  pulmonary  orifices.  The  blood  in  the  aorta  forci- 
bly closes  the  valves  as  soon  as  the  ventricular  pressure  begins  to 
wane.  This  sudden  motion  causes  a  vibration  of  the  valves, 
which  is  rapidly  checked  by  the  continuous  pressure  of  the  col- 
umn of  blood. 

VII.  Innervation  of  the  Heart. 

A  most  interesting  phenomenon  in  the  heart's  action  is  the 
wonderful  regularity  of  its  rhythmical  contractions  under  normal 
circumstances,  and  the  extreme  delicacy  of  the  nervous  mechan- 
ism by  which  it  is  regulated. 

The  vast  majority  of  the  active  contractile  tissues  of  the  higher 
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animals  is  under  the  immediate  direction  of  the  central  nervous 
system.  Thus  the  skeletal  muscles  are  connected  with  the 
cerebro-spinal  axis  by  means  of  nerves,  along  which  impulses, 
stimulating  the  contractile  tissue  to  action,  pass. 

Some  muscular  organs,  as  has  been  seen  in  the  pharynx, 
esophagus,  etc.,  though  not  under  the  control  of  the  will,  are 
governed  altogether  by  the  cerebro-spinal  axis;  while  others, 
of  which  the  most  striking  example  is  the  heart,  can  contract 
characteristically  without  excitation  from  the  central  nervous 
system. 

It  will  materially  help  us  in  comprehending  the  nervous  mechan- 
isms of  the  heart,  if  we  bear  in  mind  the  fact  that  the  muscle 
tissue  of  the  heart  of  some  animals  has — quite  independently  of 
any  nervous  influences — an  inherent  tendency  to  rhythmical 
contraction.  This  is  shown  by  the  following  facts.  The  heart 
muscle  cannot,  under  any  circumstances,  remain  contracted  like 
a  skeletal  muscle  in  tetanus,  or  like  an  unstriated  muscle  in  tonus, 
except  when  its  tissue  is  spoiled  by  deficient  nutrition,  etc. 
The  heart  of  many  of  the  invertebrate  animals  contracts  rhyth- 
mically without  any  nerve  elements  being  found  in  it  by  the 
most  careful  microscopic  examination.  A  strip  cut  from  the 
ventricle  of  the  tortoise  can,  by  rapid  gentle  excitations,  be 
made  to  beat  with  an  automatic  rhythm  without  the  help  of 
any  known  nerve  mechanism.  (Gaskell.)  The  lower  part  of  the 
frog's  ventricle — which  is  admitted  not  to  contain  any  nerves — 
beats  quite  rhythmically  if  stimulated  with  a  gentle  stream  of 
serum  under  a  certain  pressure.  In  the  embryonic  chick  the 
heart  beats  rhythmically  before  there  is  a  vestige  of  nerve  tissue 
to  be  seen.  There  is  no  reason  to  assume  that  we  cannot  con- 
cede to  muscle  tissue,  as  we  do  to  nerve  cells,  the  property  of 
acting  with  an  automatic  rhythm. 

Although  the  heart  muscle  may  itself  have  this  tendency  to 
rhythmical  contraction,  there  is  no  doubt  that  in  all  vertebrate 
animals  the  rhythm  is  controlled  and  regulated  by  nerves. 
These  may  be  divided  into  an  intrinsic  and  extrinsic  set. 
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Intrinsic  Nerve  Mechanisms. 

In  cold-blooded  animals,  such  as  a  frog  or  tortoise,  the  heart 
will  beat  for  days  after  its  removal  from  the  animal,  if  it  be 
protected  from  injury  and  prevented  from  drying.  In  warm- 
blooded animals  the  tissues  lose  their  vitality  very  soon  after 
they  are  deprived  of  th6ir  blood  supply;  however,  spontaneous 
rhythmical  movements  can  be  seen  in  the  mammalian  heart  if 
removed  at  once  after  death.  The  hearts  of  oxen  rapidly 
slayghtered  give  several  beats  after  their  removal  from  the 
thorax.  A  cat's  heart,  if  kept  in  warm  blood,  beats  for  half  an 
hour  after  removal.  If  a  blood  current  be  caused  to  flow 
through  the  vessels  of  the  mammalian  heart  tissue  this  spon- 
taneous contraction  will  go  on  for  some  time,  or  will  even 
recommence  after  having  ceased. 

The  hearts  of  criminals  after  being  hanged  have  been  found 
to  continue  to  beat  for  four  to  seven  minutes  after  the  spinal 
cord  and  the  medulla  had  been  separated. 

These  facts  prove  conclusively  that  the  stimulus  which  causes 
the  heart  to  beat  rhythmically  arises  in  the  muscle  tissue  of  the 
organ  or  in  close  relation  to  it.  Upon  physiological  grounds 
alone  we  might  conclude  that  in  the  heart  tissue  of  the  verte- 
brata  there  exist  nerve  elements  capable  of  sustaining  the  rhyth- 
mical action,  even  if  we  had  not  anatomical  proof  of  the  exist- 
ence of  the  ganglionic  cells  with  which  we  are  familiar. 

Such  collections  of  nerve  elements  are  called  automatic 
centers,  and  are  made  up,  like  all  other  origins  of  nerve  force, 
of  ganglionic  cells. 

Since  the  heart  of  mammalian  animals  soon  ceases  to  beat,  it 
forms  an  unsatisfactory  subject  for  experimental  inquiry.  The 
heart's  innervation  is,  therefore,  best  studied  in  a  cold-blooded 
animal,  where  also  the  mechanisms  are  probably  more  simple. 

The  frog's  heart  may,  for  our  present  purpose,  be  regarded 
as  consisting  of  three  parts,  viz.,  (i)  sinus  venosus,  (2)  auricles, 
and  (3)  ventricle. 

The  heart  continues  to  beat  after  removal  from  the  animal. 
If  the  lower  two-thirds  of  the  ventricle  be  separated,  and  not 
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Stimulated  in  any  way,  it  remains  motionless,  while  the  auricles 
continue  to  beat.  But  it  responds,  by  an  ordinary  single  con- 
traction, to  short  direct  stimulus,  and  if  gentle  stimulus  be  kept 
up  it  may  beat  rhythmically.  If  the  ventricle  and  auriculo- 
ventricular  groove  be  removed  from  the  auricles  and  sinus,  both 
parts  continue  to  beat,  but  each  beats  with  a  different  rhythm, 
and  under  like  conditions  the  auricles,  etc.,  continue  to  beat 
longer  than  the  ventricles.  If  the  heart  be  cut  into  zig-zag 
strips,  by  partial  transverse  incisions,  the  rhythm  of  the  sinus 
is  carried  by  the  muscle  tissue  to  the  very  apex.      (Engelmann.) 

The  auricles  beat  even  when  subdivided.  The  sinus  venosus, 
when  quite  separated  from  the  rest  of  the  heart,  continues  to 
beat  longer  and  more  regularly  than  any  other  part.  When  the 
entire  heart  is  intact,  the  sinus  seems  to  be  the  starting  point 
of  the  heart-beat. 

This  experimental  evidence  of  the  presence  of  nerve  centers 
in  certain  parts  of  the  heart  muscle  of  the  frog  is  supported  by 
the  results  of  anatomical  investigations,  for  the  microscope 
shows  that  there  are  many  ganglionic  cells  distributed  through- 
out the  heart  tissue,  and  that  they  are  located  just  where  we 
should  expect  from  the  above  facts.  That  is  to  say,  there  are 
none  in  the  substance  of  the  ventricles,  while  there  are  several 
groups  of  cells  scattered  around  its  base  in  the  auriculo-ventri- 
cular  groove.  (Bidder.)  There  are  others  in  the  walls  of  the 
auricles,  particularly  in  the  septum,  and  the  greatest  number  are 
found  in  the  walls  of  the  sinus  venosus.     (Remak.) 

The  ganglia  in  the  sinus  venosus  are  probably  those  which 
habitually  act  as  automatic  centers.  They  take  the  initiative  an"d 
regulate  the  rhythm  of  the  auricles  and  ventricles,  and  therefore 
include  some  inhibitory  as  well  as  exciting  cells. 

This  seems  proved  by  the  following  facts:  i.  The  ordinary 
contraction  wave  starts  from  the  sinus  venosus.  2.  This  part 
beats  longer  and  more  steadily  than  the  others  when  separated 
from  the  animal.  3.  When  cut  off  from  the  sinus,  the  rest  of 
the  heart  stops  beating.  After  some  minutes  the  auricles  and 
ventricle  begin  to  beat,  but  at  a  slower  rate  than  the  sinus,  and 
with   uncertain   and  changeable  rhythm.     4.  When   the  sinus 
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venosus  is  functionally  separated,  by  a  ligature,  from  the  auricles 
and  ventricle,  both  the  latter  cease  to  contract,  while  the  motions 
of  the  sinus  continue.  If  a  slight  stimulus,  such  as  the  touch  of 
a  needle,  be  then  applied  to  the  auriculo-ventricular  margin,  it 
gives  rise  to  a  series  of  rhythmical  contractions.  Or,  if  the 
ventricle  be  separated  from  the  auricles  by  incision  through 
the  auriculo-ventricular  groove,  the  former  commences  to 
beat  rhythmically  while  the  auricles  commonly  remain  motion- 
less. 

These  latter  experiments  (Stannius)  have  been  explained  by 
supposing  the  ligature  either  (i)  to  excite  some  inhibitory  nerve 
mechanism,  or  (2)  to  cut  off  the  exciting  influence  of  the  sinus. 
The  latter  is  the  more  probable  explanation.  When  cut  off  by 
ligature  from  the  sinus,  the  heart  fails  to  contract  because  the 
stimulus  from  the  sinus  can  no  longer  pass  the  "  block  "  in  the 
tissues.  When  the  ventricle  is  cut  away  from  the  auricles,  the 
incision  is  sufficient  stimulus  to  the  cells  in  the  groove  to  make 
them  excite  its  rhythmical  contractions. 

Although  we  cannot  adequately  explain  the  relationships  borne 
by  the  different  sets  of  ganglia  in  the  frog's  heart  to  one  another, 
there  seems  no  doubt  that  the  following  conclusions  may  be 
accepted  and  are  applicable  to  the  hearts  of  mammals  :  That 
nerve  centers  exist  in  the  muscle  tissue  of  the  heart,  some  of 
which  are  capable  of  originating  stimuli  for  the  rhythmically 
contracting  muscle ;  that  there  exist  other  ganglionic  groups 
which  help  to  regulate  and  distribute  the  stimuli  in  sequence 
throughout  the  several  cavities. 

Extrinsic   Cardiac  Nerves. 

The  intrinsic  nerve  mechanism  of  the  heart  just  described  is 
under  the  immediate  control  of  the  great  nervous  centers,  through 
the  medium  of  fibers  passiog  from  the  medulla  oblongata,  by  (i) 
the  vagus  and  (2)  the  sympathetic  chain. 

The  vagus  fibers  check  the  action  of  the  intrinsic  ganglia,  and 
cause  the  heart  to  beat  more  slowly  ;  hence  they  are  called  inhib- 
itory. The  sympathetic  fibers  quicken  the  beat,  and  are  called 
accelerator). 
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Inhibitory  Nerves  of  the  Heart. — It  was  observed  by 
Weber  (i)  that  electric  stimulation  of  the  distal  end  of  the  cut 
vagus  nerve  caused  a  slowing  of  the  heart's  rhythm,  and  if 
increased  gave  rise  to  a  standstill  of  the  heart  in  diastole  ;  (2) 
that  the  normal  rhythm  of  the  heart -beat  returned  soon  after  the 
stimulus  had  been  removed. 

On  the  other  hand  (3)  section  of  both  vagi  produced  an 
increase  in  the  rapidity  of  the  heart-beat,  varying  according  to 
the  kind  of  animal  experimented  upon.  Section  of  only  one 
vagus,  however,  has  not  this  effect. 

From  these  experiments  it  would  appear — i.  That  fibers  of 


Tracing,  Showing  the   Effect  ol   Weal<   Stimulation  ol   Vagus   Nerve.     Stimulus    applied 
between  vertical  lines.    (Recording  surface  moved  from  left  to  right.) 

the  vagus  constantly  bear  inhibitory  impulses  to  the  intrinsic 
nerves  of  the  heart,  or,  in  other  words,  the  vagi  exert  a  tonic 
inhibitory  influence  on  the  rapidity  of  the  heart-beat.  2.  The 
action  of  one  vagus  is  sufficient  to  regulate  the  heart's  rhythm. 

Vagus  inhibition  is  increased  during  life  by  the  following  cir- 
cumstances— (a)  certain  psychical  phenomena,  such  as  terror, 
wliich  may  produce  a  temporary  standstill ;  (3)  deficiency  of 
arterial  blood  in  the  medulla  oblongata;  (c)  increase  of  the 
blood  pressure  within  the  cranium;  and  (tf)  reflexly  by  the 
stimulation  of  many  afferent  nerves,  particularly  those  bearing 
impulses  from  the  abdominal  viscera  to  the  medulla  and  the 
afferent  fibers  of  the  opposite  vagus. 
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The  Accelerator  Nerves. — It  has  been  found  that  stim- 
ulation of  the  cervical  portion  of  the  spinal  cord  causes  quicken- 
ing of  the  heart-beat.  This  occurs  even  after  the  possibility  of 
increase  of  blood  pressure  has  been  removed  by  section  of  the 
splanchnic  nerves  and  the  tonic  inhibition  of  the  vagi  has  been 
cut  off  by  their  section.  In  the  cervical  portion  of  the  spinal 
cord  nerve  channels  must  exist  which  cause  the  heart  to  beat 
more  quickly.  These  accelerator  fibers  pass  from  the  cord 
through  the  communicating  branches  to  the  upper  dorsal  sym- 
pathetic ganglia  and  thence  to  the  heart. 

Stimulation  of  these  ganglia,  or  of  the  branches  passing  thence 
to  the  heart,  quickens  its  beat.  The  effect  of  stimulus  begins  to 
show  itself  a  comparatively  long  time  (ten  seconds)  after  it  has 
been  applied,  and  the  acceleratory  effort  continues  for  a  consider- 
able time  after  the  stimulus  is  remdved.  It  therefore  probably  acts 
through  the  intrinsic  nerve  cells.  The  accelerator  nerves  have 
a  less  powerful  influence  than  the  inhibitory  fibers  of  the  vagus, 
as  the  vagus  can  be  made  to  slow  the  beat  whether  the  accele- 
rators are  stimulated  or  not,  but  the  action  of  the  accelerators  is 
suspended  so  long  as  the  vagus  is  being  stimulated. 

In  the  frog  the  cardiac  sympathetic  runs  in  the  vagus,  so  the 
accelerator  and  inhibitory  influences  are  excited  together  in  it. 
The  vagus  alone  may  be  excited  in  the  cranium,  before  their 
junction.  The  accelerator  effect  can  be  demonstrated  after  the 
vagal  fibers  are  tired  out,  or  by  stimulating  the  cervical  sym- 
pathetic. 

An  analogy  exists  between  the  nervous  mechanism  of  the 
heart  and  that  of  the  blood-vessels  (to  be  described  in  a  future 
chapter)  which  may  help  in  their  better  comprehension.  Both 
the  heart  and  vascular  muscles  can  work  automatically,  though 
no  ganglionic  cells  can  be  found  in  the  latter.  Both  are  nor- 
mally regulated  by  central  influences.  The  heart  receives  constant 
inhibitory  (dilator)  impulses  by  the  vagus,  and  occasional  motor 
(accelerator)  impulses  by  the  sympathetic.  The  vessels  receive 
constant  motor  (constrictor)  impulses  by  the  sympathetic,  and 
occasional  inhibitory  (dilator)  impulses,  usually  passing  to  them 
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by  other  nerves,  though  the  fibers  really  belong  to  the  sym- 
pathetic, as  do  also  the  cardiac  fibers  of  the  vagus. 

Afferent  Nerves. — Besides  the  nerve  impulses  to  the  heart, 
others  pass  from  the  heart  to  the  medulla  ;  probably  having  their 
origin  in  the  inner  lining  of  the  heart,  which  is  the  part  most 
sensitive  to  stimulus. 

These  impulses  appear  to  be  of  two  kinds.  One,  traveling 
by  the  vagi,  affects  the  cardio-inhibitory  center  and  diminishes 
the  heart's  rate;  the  other,  the  depressor,  affects  the  vaso-inhibi- 
tory  center  anci  lowers  the  blood  pressure.  Increase  of  the 
intra-ventricular  pressure  stimulates  both  these  sets  of  fibers. 
Over-filling  of  the  heart  causes  retardation  of  its  beat,  and  a  fall 
of  arterial  pressure.  Thus  an  equilibrium  is  sustained  between 
the  general  blood  pressure  and  the  force  of  the  heart-beat. 

Cardiac  Poisons. 
The  following  drugs  affect  the  cardiac  nerve  mechanisms : 
Muscarin  produces  diastolic  standstill  of  the  heart,  by  exciting 
the  local  inhibitory  ganglia  or  vagus  terminals.  Atropin  causes 
quickening  of  the  heart's  action  by  paralyzing  the  endings  of 
the  vagus,  and  also  those  intrinsic  mechanisms  which  are  sup- 
posed to  have  an  inhibitory  effect.  Nicotin  produces  at  first  a 
slowing  of  the  heart  by  stimulating  the  inhibitory  endings  of  the 
vagus.  This  is  soon  followed  by  exhaustion  of  the  terminals 
and  a  consequent  quickening  of  the  heart-beat.  Large  doses 
of  curare  paralyze  the  inhibitory  fibers.  Digitalis  excites  the 
vagus  center  in  the  medulla,  and  thereby  reduces  the  rapidity  of 
the  heart's  beat. 
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CHAPTER  XV. 

CIRCULATION. 

I.  The  Blood-vessels. 

The  channels  which  carry  the  blood  through  the  body  form  a 

closed  system  of  elastic  tubes,  which  may  be  divided  into  three 

varieties: — 

1.  Arteries. 

2.  Capillaries. 

3.  Veins. 

The  arteries  and  veins  serve  merely  to  conduct  the  blood  to 
and  from  the  capillaries,  where  the  essential  function  of  the 

Fig.  T13. 
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Transverse  Section  of  part  of  the  Wall  of  the  Posterior  Tibial  Artery  (man).     (ScAa/er). 
a,  endothelium  lining  the  vessel,  appearing  thicker  than  natural  froni  the  contraction  of  the 
outer   coats ;  6,  the  elastic  layer  of  the  intima ;    c,  middle  coat  composed  of  muscle 
fibers  and  elastic  tissue;  d,  outer  coat  consisting  chiefly  of  white  fibrous  tissue. 

blood,  viz.,  its  chemical  interchange  with  the  tissues,  is  carried 
on. 

Arteries. — The  arteries  are  those  vessels  which  carry  the 
blood  from  the  heart  to  the  capillaries.  The  great  trunk  of  the 
aorta,  which  springs  from  the  left  ventricle,  gives  off  a  series  of 
branches,  which  in  turn  subdivide  more  and  more  freely  in 
proportion  to  their  distance  from  the  heart.  Arterial  twigs  of 
considerable  size  here  and  there  form  connections  with  those  of 
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Fig.  114. 


a  neighboring  trunk  {anastomoses);  but  these  unions  are  simply 
junctions  of  single  branches,  never  so  complex  as  to  be  worthy 
of  the  name  of  a  network  or  plexus,  such  as  those  seen  in  the 
capillaries  or  in  the  veins. 

The  walls  of  the  arteries. are  made  up  of  three  coats: — 

1.  An  external  tough  layer  of  white  fibrous  tissue,  which  gives 
strength  to  the  vessels,  restricts  their  elasticity  like  the  webbing 
in  the  wall  of  rubber  water-hose,  and  also  acts  as  a  bond  of 
union  between  them  and  the  neighboring  tissues.  This  coat 
{tunica  adventitid)  carries  the  minute  vessels  necessary  for  the 
nutrition  of  the  vessel  wall  and  nerves. 

2.  The  middle  coat  {tunica  media')  forms  the  more  character- 
istic part  of  the  arterial  structure,  being  a  mixture  of  elastic 
tissue  and  unstriated  muscle.  It  is  much  thicker  in  the  arteries 
than  in  the  veins,  where  its  special  functions  are  not  required. 

It  differs  in  character  in  arteries 
of  different  caliber,  being  rela- 
tively much  thicker  in  the  large 
vessels.  The  middle  coat  differs 
essentially  both  in  structure  and 
in  function,  in  the  large  arteries 
and  the  arterioles ;  in  each  class 
of  vessel  it  forms  the  most  im- 
portant part  for  the  due  per- 
formance of  their  respective 
functions.  In  the  large  vessels 
it  is  made  up  of  fibers  and  sheets 
of  elastic  tissue  woven  into  a 
dense  feltwork,  interspersed  with 
a  few  muscle  cells.  In  the  small- 
est arteries  or  arterioles,  on  the 
other  hand,  the  great  mass  of 
the  middle  coat  is  made  up  of 
muscle  cells,  the  elastic  tissue  being  but  sparsely  represented. 
Between  the  large  arteries  and  the  capillaries  every  grade  of 
transition  may  be  found  ;  the  elastic  tissue  gradually  beccJming 


Portion  of  Small  Artery  from  Submucous 
Tissue  of  Mouse's  Stomach,  stained  with 
gold  chlorid,  showing  the  nuclei  of  the 
muscle  cells,  M,  passing  transversely 
around  the  vessel  to  form  the  middle 
coat,  outside  which  is  the  fibrous  tissue 
of  the  outer  coat,  f.  Around  the  vessel 
several  fine  nerve  fibrils  form  a  net- 
work, N. 
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less  abundant,  and  the  muscle  elements  relatively  more  numer- 
ous, in  proportion  as  the  capillaries  are  approached. 

3.  The  internal  lining  {tunica  intimd)  of  the  arteries  is  com- 
posed of  a  delicate,  elastic,  homogeneous  membrane,  lined  with 
a  single  layer  of  endothelial  cells.  The  intima  may  be  said  to 
be  continuous  throughout  all  the  vessels  and  the  heart  cavities. 

It  is  thus  seen  that  the  large  arteries  have  extremely  elastic 
and   firm    walls,  capable   of   sustaining   considerable   pressure. 

Fig.    115. 


Capillary  Network  ot  a  Lobule  of  the  Liver. 
u^  interlobular  veins  :  b,  intralobular  veins. 


The  smaller  the  caliber  of  the  arteries  becomes  the  more  the 
general  property  of  elasticity  and  resiliency  is  reinforced  by 
that  of  vital  contractility,  due  to  the  greater  relative  number  of 
muscle  cells  contained  in 'the  middle  coat. 

Capillaries. — The   frequently  branching    arterioles    finally 

terminate  in  the  capillaries,  in  which  distinct  branches  can  no 

longer  be  recognized,  but  the  thin  canals  are  interwoven  into  a 

network  of  blood  channels,  the  meshes  of  which  are  made  up 

26 
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of  vessels,  all  having  about  the  same  caliber.  They  communicate- 
indefinitely  with  the  capillary  meshworks  of  the  neighboring 
arterioles,  so  that  any  given  capillary  area  appears  to  be  one 
continuous  network  of  tubules,  connected  here  and  there  with 
the  similar  networks  from  distinct  arterioles,  and  thus  any  given 
capillary  area  may  be  fed  with  blood  from  several  different 
sources.  The  walls  of  the  capillaries  are  composed  of  a  single 
layer  of  elongated  endothelial  cells  (possibly  lining  an  invisible 
membrane)  cemented  edge  to  edge  to  form  a  tube.  They  are 
soft  and  elastic,  and  permeable  not  only  to  the  fluid  portion  of 
the  blood,  but  also,  under   certain    circumstances,  to  the  cor- 

FiG.  ii6. 


Capillary  Network  of  Fat  Tissue.    (Klein.) 

puscles.     Thus  a  free  interchange  between  the  tissues  and  the 
blood  can  be  maintained. 

The  characters  of  the  capillary  network  vary  in  the  different 
tissues  and  organs ;  the  closeness  and  wideness  of  the  meshes 
may  be  said  to  be  in  proportion  to  the  functional  activity  or 
inactivity  of  the  organ  or  tissue  in  question,  a  greater  amount 
of  blood  being  required  in  the  parts  where  energetic  duties  are 
performed. 

Veins. — The  veins  arise  from  the  capillary  network,  com- 
mencing as  radicles  which  correspond  to  the  ultimate  distribution 
of  the  arterioles,  but  they  soon  form  wider  and  more  numerous 
channels.     They  rapidly  congregate  together  to  make  compara- 
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tively  large  vessels,  which  frequently  intercommunicate  and 
form  coarse  and  irregular  plexuses.  The  general  arrangement 
of  the  structures  in  the  walls  of  the  veins  is  like  that  of  the 
arteries ;  they  also  have  three  coats,  the  external,  middle,  and 
internal;  the  tissues  of  each  differing  but  little  from  those  of 
the  arteries.  The  external  coat  is  like  that  of  the  arteries,  but 
is  not  quite  so  strong.  The  middle  coat,  however,  in  the  large 
veins,  is  easily  distinguished  from  that  of  the  large  arteries  by 
being  much  thinner,  owing  to  the  paucity  of  yellow  elastic 
tissue.  It  is  also  characterized  by  its  relative  richness  in  muscle 
fiber.  The  structure  of  the  middle  coat  of  the  small  veins 
can  be  distinguished  from  that  of  the  arterioles  by  the  compara- 
tive sparseness  of  the  circular  muscle  cells.  The  inner  coat  of 
the  veins  is  practically  the  same  as  that  of  the  arteries. 

The  veins  are  capable  of  considerable  distention,  but,  though 
possessed  of  a  certain  degree  of  elasticity,  they  are  much  inferior 
to  the  arteries  in  resiliency. 

In  all  those  veins  where  the  blood  moves  against  gravity, 
valve-like  folds  of  their  lining  coat  exist,  which  prevent  the  back- 
ward flow  of  blood  to  the  capillaries  and  insure  its  passage  to- 
ward the  heart.  These  valves  resemble  in  their  general  plan  the 
pocket  valves  that  protect  the  great  arterial  orifices  of  the  heart. 
They  vary  much  in  arrangement,  there  being  two  or  sometimes 
only  one  flap  or  pocket  entering  into  the  formation  of  the  valve. 
They  are  closely  set  in  the  long  veins  of  the  extremities,  in 
which  the  blood  current  has  to  move  against  the  force  of 
gravity. 

Aggregate  Sectional  Area  of  the  Vessels. — The  gen- 
eral aggregate  diameter  of  the  different  parts  of  the  vascular 
system  varies  greatly.  The  combined  caliber  of  the  branches  of 
an  artery  exceeds  that  of  the  parent  trunk,  so  that  the  aggregate 
sectional  area  of  the  arterial  tree  increases  as  one  proceeds 
from  the  aorta  toward  the  capillaries.  After  the  muscular 
arterioles  are  passed  the  general  diameter  of  the  vascular  system 
suddenly  increases  immensely,  and  in  the  capillaries  it  reaches 
its   maximum,    the   aggregate  sectional  area   of  which  is  said 
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to  be  several  (five  to  eight)  hundred  times  as  great  as  that  of  the 
aorta. 

The  aggregate  sectional  area  of  the  veins  diminishes  as  the 
tributaries  unite  to  form  main  trunks,  and  reaches  its  minimum 
at  the  entrance  of  the  vena  cava  into  the  right  auricle. 

The  capacity  of  the  veins  is,  however,  everywhere  much 
greater  than  that  of  the  corresponding  arteries,  the  least  differ- 
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Diagram  Intended  to  give  an  Idea  of  the  Aggregate  Sectional  Area  of  the  Blood-vessels  in 
the  Different  Parts  of  the  Vascular  System. 

A,  aorta ;  c,  capillaries  :  v,  veins.     The  transverse  measurement  ot  the  shaded  part  may 
be  taken  as  the  width  of  the  various  kinds  of  vessels,  supposing  tliem  fused  together. 

ence  being  near  the  heart,  where  the  cahber  of  the  venae  cavse 
is  more  than  twice  that  of  the  aorta. 

After  this  brief  anatomical  sketch  the  most  important  proper- 
ties of  each  part  of  the  vascular  system  may  be  summarized 
thus  : — 

I.  The  structure  of  the  walls  of  the  large  arteries  shows 
them  to  be  capable  of  sustaining  considerable  pressure, 
and  of  exerting  powerful  and  continuous  elastic  recoil 
on  the  blood. 


PHYSICAL   FORCES   OF  THE   CIRCULATION.  307 

2.  In  the  small  arteries,  as  well  as   this  elasticity,  frequent 

variation  in  their  caliber  occurs,  dependent  on  the  con- 
iraction  of  their  muscular  coat,  which  regulates  the 
blood-flow. 

3.  In  the  capillaries  we  find  extreme  thinness,  elasticity,  and 

permeability  of  their  wall,  which  presents  an  immense 
surface,  so  as  to  allow  free  interchange  between  the  blood 
and  the  surrounding  textures. 

4.  The  veins  have  yielding  and  distensible  walls,  capacity  to 

accommodate  a  large  quantity  of  blood,  and  valves  to 
prevent  its  backward  flow  upon  the  capillaries. 

5.  The  aggregate  sectional  area  of  the  systemic  capillaries  is 

about  three  hundred  times  that  of  the  great  veins,  and 
,    seven  hundred  times  that  of  the  aorta,  so  that  the  cur- 
rent of  the  blood  must  be  proportionately  slower  in  the 
capillary  network. 

II.  Physical  Forces  of  the  Circulation. 

A  liquid  flows  through  a  tube  as  the  result  of  a  difference  of 
pressure  in  the  different  parts  of  the  tube.  The  liquid  moves 
from  the  part  where  the  pressure  is  higher  toward  that  where  it 
is  lower,  except  where  sudden  and  great  variations  of  caliber 
occur.* 

The  rate  of  flow  corresponds  with  the  difference  in  the 
pressure,  and  varies  in  proportion  to  it,  continuing  so  long  as 
the  pressure  is  unequal  in  different  parts,  and  ceasing  when  it 
is  equalized  throughout  the  tube. 

If  liquid  be  forcibly  pumped  into  one  extremittyj  of  a  long 
tube,  such  as  a  garden  hose,  a  pressure  difference  is  estfajslished, 
the  pressure  becoming  greater  at  the  end  into  which  the  liquid 
is  pumped,  a  current  consequently  takes  place  toward  the  open 
end.  So  long  as  the  free  or  distal  end  of  the  tube  is  quite  ppen 
'■  \   ~~i 

^  Although  in  the  whole  course  of  any  system  of  tuhes  the  flow  of  liquid  must  talce  place 
from  the  part  of  higher  to  that  of  lower  pressure,  yet  if  a  narrow  tuhe  open  abruptly  into 
one  the  diameter  of  which  for  a  short  length  is  much  greater,  the  diminution  of  velocity  in 
the  wide  tube  may  cause  the  local  pressure  in  it  to  exceed  that  in  the  narrower  tube  imme- 
diately preceding;  so  that  the  liquid  would  be  actually  flowing,  for  a  short  distance,  from 
a  point  of  lower  to  a  point  of  higher  pressure. 
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and  on  the  same  level  as  the  rest,  no  very  great  pressure  can  be 
brought  to  bear  on  the  walls  of  the  tube,  no  matter  how  forcibly 
the  pumping  may  go  on,  as  the  liquid  easily  escapes,  and  there- 
fore flows  the  more  quickly  as  the  pumping  becomes  more 
energetic.  If,  however,  the  outflow  be  impeded  by  raising  the 
distal  end  of  the  tube  to  any  considerable  height,  or  by  partially 
closing  the  orifice  with  a  nozzle  or  rose,  then  the  pressure  within 
the  tube  can  be  greatly  increased  by  energetic  pumping,  and  the 
tube,  if  elastic,  will  be  distended. 

It  can  be  further  observed,  in  this  common  operation,  that 
the  smaller  the  orifice  of  the  nozzle  the  greater  the  pressure  in 
the  tube  with  a  given  rate  of  working  the  pump ;  and,  the  orifice 
remaining  the  same,  the  pressure  will  increase  in  proportion  as 
the  pump  is  more  energetically  worked.  Or  in  other  words,  the 
pressure  within  the  tube  will  depend  on  (a)  the  energy  used  at 
the  pump,  and  (^)  the  degree  of  impediment  offered  to  the 
overflow. 

If  the  tube  be  resilient,  and  the  nozzle  have  a  small  orifice  so 
that  a  high  pressure  can  be  established  within  the  tube,  it  will 
be  found  that  the  liquid  will  flow  from  the  nozzle  in  a  continuous 
stream,  and  will  not  follow  the  jerks  communicated  by  the 
pump.  That  is  to  say,  the  interrupted  energy  of  the  pump  is 
stored  up  by  the  elastic  tube  and  converted  into  a  continuous 
pressure  exerted  on  the  fluid.  But  if  the  tube  be  quite  rigid,  or 
the  orifice  too  wide  to  allow  the  pressure  within  the  tube  to  be 
raised  sufficiently  high,  then  the  fluid  will  flow  out  of  the  end 
of  the  tube  in  jets  which  correspond  with  the  strokes  of  the 
pump;  i.e.}  the^  outflow  will  follow  closely  the  pressure  dif- 
ference caused  by  the  pump  at  the  point  of  inflow. 

Th-ese  sitiipl^  fkcts,  which  can  be  verified  experimentally  with 
an  ordinary  enema  bag,  a  yard  of  elastic  tubing,  and  a  short 
glass  tube  drawn  to  a  point,  form  the  key  to  the  most  important 
dynamic  principles  of  the  circulation. 

Blood  Pressure. — The  cause  of  the  blood's  motion  is 
simply  a  difference  in  the  pressure  within  the  various  parts  of 
the  vascular  system,  for  the  heart  acts  as  the  pump  filling  the 
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tube  represented  by  the  large  elastic  arteries,  which  can  be  more 
or  less  distended,  according  as  (i)  the  outflow  is  impeded  or 
facilitated  by  the  contraction  or  relaxation  of  the  muscular 
arterioles  which  form  the  outlet,  or  as  (2)  the  inflow  is  increased 
or  diminished  by  the  greater  or  less  activity  of  the  heart's  action. 

From  the  foregoing  facts,  and  from  what  has  been  said  of  the 
direction  of  the  blood  current,  namely,  that  it  flows  from  the 
arteries  through  the  capillaries  into  the  veins,  it  would  appear 
that  the  pressure  in  the  arteries  exceeds  that  in  the  capillaries, 
and  that  in  the  capillaries  must  in  turn  be  greater  than  that  in 
the  veins,  the  blood  flowing  in  the  direction  in  which  the 
pressure  becomes  less. 

The  different  manner  in  which  blood  flows  from  a  cut  artery 
and  a  cut  vein,  shows  that  a  great  difference  exists  in  the  pressure 
within  the  two  sets  of  vessels. 

When  a  small  artery  is  cut  and  the  Orifice  directed  upward 
the  blood  spurts  out  two  or  three  yards,  in  jerks.  When  a  vein 
is  cut,  the  blood  only  trickles  gently  from  the  orifice,  the  force 
of  the  flow  depending  much  upon  the  position  of  the  part.  It 
is  well  to  remember  that  bleeding  from  a  vein  in  the  leg  or  arm 
can  be  stopped  by  placing  the  limb  in  a  position  more  elevated 
than  the  rest  of  the  body,  so  as  to  prevent  the  force  of  gravity 
from  acting  on  the  blood. 

By  means  of  a  special  form  of  gauge  (the  mercurial  mano- 
meter), which  will  presently  be  described — the  exact  differ- 
ence in  the  pressure  exerted  by  the  blood  against  the  vessel  walls 
in  the  different  parts  of  the  circulation  can  be  accurately 
estimated,  and  it  has  been  found  by  direct  experiment  that  the 
pressure  varies,  just  as  one  would  be  led  to  expect  from  a  con- 
sideration of  its  physical  relationships,  namely,  with  the  direction 
and  rate  of  the  current  and  the  varying  width  of  the  bed  in  which 
it  flows. 

The  fall  in  pressure  observed  in  the  vessels  when  passing  from 
the  left  \^entricle  to  the  right  auricle  is  not  even.  In  the  arterioles 
it  falls  suddenly,  and  a  great  difference  always  exists  between  the 
arterial  and  venous  pressure  {v.  p.  315).  It  is  on  account  of  the 
permanent  high  pressure  in  the  arteries  and  comparatively  low 
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pressure  in  the  capillaries  and  veins,  that  there  is  a  continuous 
and  permanent  flow  through  the  capillaries  from  arteries  to  veins. 

Sustentation  of  the  Arterial  Blood  Pressure. — The  fundamental 
problem  that  must  be  clearly  understood  in  studying  the  dynamics 
of  the  circulation  is,  how  the  high  pressure  in  the  arteries  is  kept 
up,  or,  in  other  words,  how  the  arteries  can  exert  so  much  pres- 
sure on  the  blood  when  the  capillary  outflow  is  so  free. 

From  the  description  already  given  of  the  action  of  the  heart, 
it  appears  that  each  beat  of  the  ventricle  pumps  some  six  ounces 
of  blood  into  the  aorta.  Though  coming  to  the  left  ventricle 
from  the  pulmonary  circulation,  the  blood  may  for  brevity  be 
regarded  as  being  pumped  out  of  the  systemic  veins.  This 
pumping  occurs  some  seventy  times  a  minute,  so  that  a  great 
quantity  of  blood  is  removed  from  the  veins  and  forced  into  the 
arteries.  The  ventricles  in  filling  the  arteries  have  to  work 
against  considerable  pressure,  and  may  be  said  to  pump  up  the 
blood  from  the  low-pressure  veins  into  the  high-pressure  arteries, 
the  result  of  which  is  a  permanent  difference  of  pressure  in  the 
two  sets  of  vessels. 

The  second  important  factor  in  enabling  the  high  arterial  blood 
pressure  to  be  kept  up,  is  the  resiliency  of  the  middle  coat  of  the 
arteries.  It  is  only  on  account  of  the  great  elasticity  of  their 
arterial  walls,  that  these  vessels  are  capable  of  being  so  over- 
filled, and  because  of  the  perfect  resiliency  of  the  elastic  coat, 
that  they  are  able  to  exert  such  powerful  pressure  on.  the  blood 
for  such  an  unlimited  time. 

Each  contraction  of  the  ventricle  further  stretches  the  elastic 
artery.  The  act  of  injecting  the  blood  into  the  aorta  only 
occupies  about  one  quarter  of  a  cardiac  cycle.  During  the 
diastole  the  arteries  are  closed  at  their  cardiac  end  by  tlie  aortic 
valves,  and  open  at  their  distal  end  to  the  capillaries.  The  force 
of  the  ventricle  is  only  used  to  cause  arterial  distention,  the 
vessels  do  the  rest  by  pressure. 

As  the  result  of  this,  the  blood  flows  constantly  out  of  the 
distended  arteries,  through  the  capillaries,  into  the  veins. 

But  why  does  not  this  constant  outflow  allow  the  pressure  in 
the  arteries  to  fall  to  the  level  of  that  in  the  veins  ?     Or  in  other 
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words,  what  is  the  impediment  offered  to  the  escape  of  the  blood 
that  thus  keeps  the  arteries  distended  ?      ' 

This  peripheral  resistance  is  made  up  of  several  items.  The 
great  increase  of  surface  and  consequent  foorxaoxis  friction  in  the 
capillaries,  and  the  pressure  exercised  upon  them  by  the  surround- 
ing elastic  tissues,  offer  much  resistance.  But  the  contractiUty  of 
the  arterioles  is  the  most  powerful  agent,  as  may  be  seen  from  the 
following  consideration.  The  resistance  offered  by  the  capil- 
laries is  less  than  the  force  exercised  by  the  arterial  blood 
pressure,  for  the  increase  of  friction  accompanying  their  greater 
extent  of  surface  is  nearly  counterbalanced  by  the  decrease  of 
resistance  dependent  upon  the  extensive  area  of  the  capillaries 
in  comparison  with  that  of  the  arterioles.  The  capillary  resist- 
ance alone  is  not  sufficient  to  restrain  the  blood  from  rushing  into 
the  veins.  This  is  seen  when  the  arterioles  are  paralyzed  by  the 
destruction  of  the  nervous  mechanism  controlling  them.  The 
blood  then  readily  overcomes  the  capillary  resistance,  the  veins 
become  engorged,  and  the  arterial  blood  pressure  falls.  Further, 
as  will  presently  be  seen,  beyond  the  arterioles  the  pressure 
diminishes  suddenly,  and  in  the  capillary  network  it  is  always 
very  low. 

The  four  great  factors  in  keeping  up  the  arterial  blood  pressure 
maybe  thus  enumerated;  i,  the  heart-beat;  2,  perfect  aortic 
valves ;  3,  the  elastic  resiliency  of  the  large  arteries ;  4,  the  resist- 
ance offered  by  the  contraction  of  the  muscular  arterioles. 

Heart-beat. — If  any  factor  fail,  the  mechanism  of  the  circula- 
tion is  at  once  impaired.  For  example,  the  heart's  beat  may  be 
stopped  by  the  stimulation  of  the  inhibitory  nerve  fibers  of  the 
vagus,  in  which  case  the  blood  pressure  rapidly  falls,  as  shown  by 
the  curve  taken  by  the  graphic  method  (p.  298).  Or  weakness 
of  the  heart-beat  may  arise  from  disease  (fatty  degeneration)  of 
the  muscle,  when  signs  of  low  arterial  tension  can  be  recognized 
in  the  human  subject. 

Valves. — Any  insufficiency  of  the  aortic  valves  that  permits 
the  blood  to  flow  backward  into  the  ventricle,  allows  the  arterial 
pressure  to  fall  between  each  ventricular  systole,  and  gives  rise  to 
the  characteristic  "pulse  of  unfilled  arteries." 
27 
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Fig.  iiS. 


Elasticity  of  Arteries. — The  resiliency  of  the  arterial  coats 
may  also  be  destroyed  to  a  certain  extent  by  degeneration  of  the 
tissues,  in  which  case  the  large  arteries  become  greatly  distended, 
and  unable  to  exert  their  normal  steady  pressure  on  the  blood. 

Contractile  Arterioles. 
—  Injuries  of  c  e  r  t  a  i  n 
nervous  centers  may 
bring  about  paralysis 
of  the  muscular  arte- 
rioles, and  fall  of  blood 
pressure.  The  effect 
upon  the  blood  pressure 
of  dilatation  of  the 
small  arteries  can  be 
best  seen  by  experi- 
menting on  the  nerves 
that  control  their  con- 
traction. If  paralysis 
or  inhibition  of  the 
vaso-motor  mechanisms 
be  experimentally  pro- 
duced, a  sudden  fall  of 
pressure  is  the  result. 

Mercurial  Manometer  tor  Measuring  and  Recording  the         JVLeSSUrCment      Ot 

Blood  Pressure.  -j.         A     "O  e^ 

a,  proximate  limb  of  manometer;  6,  union  of  two  limbs  XjlOOU.  r  T  C  S  S.U  T  C  . 
of  manometer;    e,  the   rod  floating  on  mercury  and         rpi         f;     *.       **  f    ai- 

carrying  the  writing  point ;  if,  stop-cock  through  which        iiie   Hrst   attempt  at 

the  sodium  bicarbonate  can  be  introduced  between  the     i-         .  „^    „r 

blood  and  mercury  of  manometer.  dirCCt    measurement    Ot 

blood  pressure  was 
made  by  the  Rev.  Stephen  Hales,  about  the  middle  of  the  last 
century,  who,  wishing  to  compare  the  motion  of  fluids  in 
animals  with  that  in  plants,  connected  a  tube  with  an  artery 
of  a  living  animal,  and  found  that  the  blood  was  ejected  with 
considerable  forca  When  the  artery  of  a  horse  was  brought 
into  union  with  a  long  upright  tube,  the  blood  reached  a 
height  of  about  three  yards. 

The  column  of  blood  is  not  now  used  as  a  measure,  because 
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so  much  blood  leaving  the  vessels  tends  to  empty  them,  and  to 
reduce  the  pressure  in  the  arteries ;  besides  the  coagulation  of 
the  blood  soon  stops  the  experiment.  We  now  employ  the 
mercurial  manometer,  which  consists  of  a  column  of  mercury 
in  a  U-shaped  tube.  To  prevent  coagulation,  the  tube  between 
the  mercury  and  blood  is  filled  with  a  solution  of  sodium  car- 
bonate, the  pressure  being  previously  regulated  to  equalize  as 

Fig.  119. 


The  Ordinary  Modern  Form  of  Rotating  Blackened  Cylinder,  r,  which  is  moved  by  clock- 
work in  the  box,  a,  by  means  of  the  disc,  d,  pressing  upon  the  wheel,  n,  which  can 
be  raised  or  lowered  by  the  screw,  l,  so  as  to  come  in  contact  with  any  part  of  the 
disc  more  or  less  near  the  center,  and  thus  rotate  at  different  rates.  The  cylinder  can 
be  raised  by  the  screw,  v,  which  is  turned  by  the  handle,  u.    {Hermann.) 


nearly  as  possible  that  of  the  blood.  A  rod  is  made  to  float 
upon  the  mercury,  in  the  open  side  of  the  tube,  and  to  the 
upper  extremity  of  this  a  writing  apparatus  can  be  attached,  so 
that  by~^the  movements  of  the  mercury,  a  graphic  record  of  the 
blood -pressure  and  its  variation  can  be  traced  on  a  regularly 
moving  surface.     The  instrument,  known  as  Ludwig's  Kymo- 
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graph,  is  that  used  in  all  ordinary  measurements  and  experi- 
ments on  blood  pressure. 

In  order  to  overcome  the  inertia  of  the  mercurial  column, 
another  manometer  has  been  devised  which  will  be  mentioned 
in  speaking  of  the  character  of  the  curve  (p.  318).  When  an 
experiment  of  long  duration  has  to  be  made,  a  recorder  with  a 
continuous  roll  of  paper  can  be  employed  (Fig.  120). 


Fig. 


Ludwig's  Kymograph  with  Continuous  Paper. 

The  instrument  consists  of  an  iron  table,  above  which  the  receding  surface  is  slowly  drawn 
past  the  writing  points  from  an  endless  roll  of  paper  on  the  left  by  the  motion  of  the 
cylinder,  c,  and  rolled  up  on  a  spindle  next  the  driving-wheel  on  the  right.  The  mer- 
curial manometers  are  so  fixed  on,  D,  that  the  open  ends  come  in  front  of  the  firm  roller 
upon  which  the  paper  rests.  The  writing  style  can  be  seen  rising  from  those-tubes  while 
the  other  limbs  of  the  manometers  lead  through  the  stop-cocks  to  the  tubes  which  are 
in  communication  with  the  blood-vessels.  The  time  is  recorded  by  means  of  a  pen 
attached  to  the  electro-magnet,  M,  which  by  a  "  breaking  "  clock,  is  demagnetized  every 
second.  The  moment  at  which  a  stimulus  is  applied  is  marked  on  the  zero  line  by  a 
key  to  which  another  pen  is  attached  near  the  time-marker. 


The  modern  accurate  methods  of  research  have  taught  us  the 
differences  in  pressure  that  exist  in  the  various  parts  of  the  vas- 
cular system.  However,  direct  measurement  can  only  be  accom- 
plished in  vessels  of  such  a  size  as  to  admit  a  cannula,  hence  the 


+  l6o  mm., 
-j-     120  mm., 

,  mercury. 

4-  15  mm., 
-j-  9  mm., 
-  3  to-  8  mm.. 
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pressure  in  the  capillaries,  in  the  very  minute  arteries  and  veins, 
can  only  be  estimated  indirectly.  The  pressure  in  all  parts  of 
the  vascular  system  is  subject  to  frequent  variations,  to  be  pres- 
ently mentioned,  but  the  following  table  may  be  useful  in  giving 
a  general  idea  of  the  average  permanent  differences  that  exist  in 
the  different  vessels  of  large  animals  and  man  : — 

Large  arteries  (Carotid,  Horse), 
Medium   "     (Brachial,  Man), 
Capillaries  of  Finger, 
Small  Veins  of  Arm, 
Large  Vein  of  Neck, 

If  the  different  parts  of  the  circulation  be  represented  on  the 
base  line  h.a.c.v.  (Fig.  121),  these  letters  corresponding  to 
heart,  arteries,  capillaries,  and  veins  respectively,  and  if  the 
height  of  the  blood  pressure  be  represented  on  the  vertical  line 
in  mm.  of  Hg.  the  curve  h,  a,  c,  v,  would  give  about  the  relative 
pressure  in  the  various  parts  of  the  circulation.  This  shows  that 
in  the  receiving  chamber  of  the  heart  the  pressure  is  negative, 
while  the  ventricular  pump  drives  it  to  the  height  of  the  arterial 
pressure,  160  mm.  Hg.  In  the  arteries  the  pressure  is  everywhere 
high,  while  just  before  the  blood  reaches  the  capillaries  a  sudden 
fall  occurs.  The  variation  after  this  is  merely  a  gentle  descent 
until  the  large  venous  trunks  are  reached,  where  the  blood  pres- 
sure is  below  zero,  /.  e.,  below  the  pressure  of  the  atmosphere,  so 
that  air  rushes  into  them  if  opened. 

From  this  diagram  the  following  points  can  be  gathered  : — 

r.  The  great  difference  in  the  pressure  on  the  arterial  and 
venous  sides  of  the  circulation. 

2.  The   comparatively  slight    difference   in    pressure  in   the 

different  parts  of  the  arterial  or  of  the  venous  systems 
respectively. 

3.  The  suddenness  of  the  fall  in  the  pressure  between   the 

small  arteries  and  the  capillaries,  where  the  great  resist- 
ance to  the  outflow  is  met  with. 

4.  In  the  large  veins  the  pressure  of  the  blood  is  habitually 

below  that  of  the  atmosphere,  only  becoming  positive 
during  forced  expirations. 
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From  a  purely  physical  point  of  view  the  ventricle  may  be 
regarded  as  pumping  the  blood  up  to  an  elevated  high-pressure 
reservoir  of  small  capacity  (the  arteries),  from  which  it  rapidly 
falls  by  numerous  outlets  into  an  expansive  low-lying  irrigation 
basin  (the  wide  capillaries),  while  it  slowly  trickles  through  wide 
channels  (veins)  back  to  the  well  (the  auricle),  which  lies  below 
the  surface  pressure. 

Variations  in  the  Blood  Pressure. — If  the  blood  pressure 
be  recorded  with  a  Kymograph,  a  tracing  will  be  obtained, 

FlO.    121. 


Diagram  Showing  the  Relative  Height  of  the  Blood  Pressure  in  the  Different  Regions 
of  the  Vessels. 

H,  heart;  a,  arterioles;  z/,  small  veins ;  A,  arteries;  f*^  capillaries ;  V,  large  veins.  H,  V, 
being  the  zero  line  (=  atmospheric  pressure)  the  pressure,  is  indicated  by  the  height  ot 
the  curve.   The  numbers  on  the  left  give  the  pressure  (approximately)  in  mm.  of  mercury. 


which  shows  that  the  pressure  undergoes  periodic  elevations  and 
depressions  of  two  different  kinds.  The  smaller  oscillations  cor- 
respond with  the  heart-beat,  the  larger  waves  have  the  same 
rhythm  as  the  respiratory  movements,  and  the  average  elevation 
of  the  mercurial  column  is  spoken  of  as  the  mean  pressure.  In 
the  large  arteries  of  the  warm-blooded  animals,  this  mean  pres- 
sure varies  with  the  size  of  the  animal  from  go  mm.,  mercury,  to 
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more  than  200  mm.  In  cold-blooded  animals  it  is  comparatively 
low,  from  22  ram.  in  the  frog  (Volkmann)  to  84  mm.  in  a 
large  fish. 

The  general  mean  pressure  in  the  arteries  is  increased  by  :  (i) 
increased  action  of  the  heart ;  (2)  increased  contraction  of  the 
muscular   coat   of  the   arteries ;    (3)    sudden    increase  in   the 


B!ood-pressure  Curve,  drawn  by  Mercurial  Manomeler.  O  -  -r  =  zero  liner  -  y'  ^  curve 
with  large  respiratory  waves  and  small  waves  of  heart  impulse.  A  scale  is  introduced 
to  show  height  of  pressure. 


quantity  of  blood.  When  the  change  is  gradual,  the  vessels 
adapt  themselves  to  the  increase. 

The  opposite  of  these  conditions  may  be  said  to  have  a  con- 
trary effect. 

The  character  of  the  change  in  pressure  which  accompanies 
the  heart's  systole  is  not  shown  exactly  in  the  tracing  obtained 
by  the  mercurial  manometer,  owing  to  the  sluggishness  of  the 
movement  of  the  mercurial  column,  which,  as  it  were,  rubs  off 
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the  apices  of  the  curves.  But  with  the  metallic  spring  inanomet& 
of  Fick  (Fig.  123),  or  Hurthle's  rubber  manometer,  in  which 
the  inertia  is  small,  the  details  of  these  oscillations  can  be  recog- 
nized.    (See  Fig.  124.)  / 

Influence  of  Respiration   on   Blood   Pressure. — The 

explanation  of  the  respiratory  undulations  in  the  tracing/of  the 

Fig.  123. 


f£^ 


Pick's  Spring  Manometer. 
A  hollow  C-shaped  spring,  A.  made  of  extremely  thin  metal,  is  fixed  at  h  b,  where  its  cavity 
communicates  with  the  tube,  k.    The  top  of  the  C  is  connected  at  a  with  the  writing 
lever.     Any  increase  of  pressure  in  the  tube.  K,  causes  the  spring  to  expand  and  move 
the  writing  lever,  G,  up  and  down. 


Fin.  124. 


Tracing  of  Blood  Pressure  taken 
with  Pick's  Manometer. 


blood  pressure  is  difficult.  Though 
many  causes  have  been  assigned,  no 
single  one  appears  to  explain  ade- 
quately  all  the  changes  that  may  occur 
in  this  phenomenon.  At  first  sight 
the  respiratory  movements,  and  con- 
sequent  pressure  changes  within  the 
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thorax,  would  seem  to  give  a  simple  mechanical  explanation  of 
the  variation  in  pressure.  But  if  the  change  occurring  in  the 
intra-thoracic  pressure  be  examined  carefully,  it  will  be  found 
not  to  correspond  exactly  with  the  so-called  respiratory  wave 
of  the  pressure  curve  in  the  arterial  system  (Fig.  125). 

The  amount  of  negative  pressure  exercised  on  the  pericardial 
contents  by  the  lungs  varies  with  the  respiratory  movements. 
It  is  slightly  increased  during  inspiration  and  decreased  during 
expiration.  The  differences  thus  produced,  however,  are  during 
ordinary  respiration  very  slight  (probably  i  mm.,  mercury). 
So  slight  a  variation  as  i  mm.,  mercury,  cannot,  by  direct  action 
on  the  aortic  arch,  cause  the  change  of  several  millimeters  which 
we  see  in  the  respiratory  undulation  in  the  arterial  pressure. 

Owing  to  the  elasticity  of  the  lungs  they  constantly  tend  to 
shrink  away  from  the  costal  and  pericardial  pleurae.  Thus  the 
pressure  in  the  pleural  cavity  is  less  than  that  of  the  atmosphere 
which  distends  the  lungs.  If  these  pressures  b^  equalized  by  the 
admission  of  air  to  the  pleurae  the  lungs  at  once  collapse.  All  the 
viscera  in  the  thoracic  cavity  are  under  the  influence  of  this 
negative  pressure.  Thus  the  elastic  lungs  exert  traction  on  the 
pericardium,  and  cause  a  negative  pressure  within  the  heart  and 
great  systemic  vessels,  both  arteries  and  veins.  The  influence  is 
more  felt  by  the  thin-walled  venae  cavae,  in  which  the  blood- 
pressure  is  low,  than  in  the  thick-walled  arteries,  where  it  is  high. 

The  flow  into  the  left  auricle  is  not  affected  by  this  negative 
pressure,  as  the  pulmonary  vessels  are  also  influenced  by  it. 

It  has  been  suggested  that  inspiration,  by  facilitating  the  flow 
from  the  great  veins,  increases  the  amount  of  blood  entering  the 
right  auricle,  and  thus  the  left  ventricles  may  be  better  filled, 
and  made  to  beat  more  actively,  in  rhythm  with  the  inspiration. 

Thus,  while  inspiration  is  taking  place  the  lungs  receive  a 
larger  supply  of  blood.  From  the  relatively  large  amount  of 
blood  in  these  organs  it  is  probable  that  this  slight  inspiratory 
excess  has  little  influence  on  the  amount  entering  the  left  side 
of  the  heart,  too  little,  in  fact,  to  mechanically  influence  the 
beat  or  the  blood  pressure,  but  it  may  act  as  a  nervous  stimulus. 


320  MANUAL    OF    PHYSIOLOGY. 

and  excite  the  nervous  centers  of  the  heart  and  the  depressor 
nerve. 

The  rejection  of  this  indirect  mechanical  explanation  appears 
necessary  from  the  following  facts  : — 

(i)  The  rise  in  pressure  is  not  exactly  synchronous  with  expi- 
ration or  inspiration  (Fig.  125). 

(2)  The   heart    beats   more    slowly   during   expiration    than 

inspiration. 

(3)  This  difference  at  once  disappears  if  the  vagi  be  cut,  and 

the  respiratory  wave  becomes  greatly  modified. 


Bluod-pressiire  and  Respirntory  Tracings  Recorded  Synchronously — recording  surface 
moving  from  right  to  left — showing  that  the  variations  in  pressure  in  the  arteries  (con- 
tinuous line)  and  in  the  thoracic  cavity  (dotted  line)  do  not  exactly  correspond,  the 
latter  continuing  to  fall  after  the  blood  pressure  has  commenced  to  rise. 


(4)  Variations  in  the  pressure,  like  the  respiratory  wave,  occur 

after  the  respiratory  movements  have  quite  ceased. 

(5)  The  respiratory  wave  is  observed  when  artificial  respira- 

tion is  employed,  in  which  the  forcing  of  air  into  the 
lungs  is  the  cause,  and  not  the  result  of  the  thoracic 
movements,  so  that  the  pressure  effects  are  reversed. 

We  may  conclude,  then,  from  the  variation  in  arterial  pressure, 
which  is  rhythmical  with  the  respiratory  movements,  that  a 
sympathy  in  action  exists  between  the  respiratory,  vascular,  and 
cardiac  nerve  mechanisms. 
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The  undulations  known  as  Traube's  curves  occurring  in  cura- 
rized  animals  when  no  respiratory  movements  are  performed, 
have  been  explained  by  referring  them  to  a  stimulation,  by  im- 
pure blood,  of  the  vaso-motor  center,  which  by  rhythmical  impulses 
increases  the  contraction  of  the  arterioles  and  causes  a  rhythmi- 
cal variation  in  the  blood  pressure.  This  explanation,"  when  ap- 
plied to  the  respiratory  waves,  seems  to  be  rendered  unsatisfactory 
by  the  fact  that  these  undulations  go  on  even  when  the  arterioles 
are  cut  off  from  their  chief  nerve  centers  by  a  section  of  the 
spinal  cord.  So  that  if  these  undulations  are  to  be  referred  to 
nerve  mechanism,  we  are  ignorant  of  the  course  taken  by  the 
nerve  impulses  which  influence  the  vessels. 

Thus  we  seem  forced  to  fall  back  upon  the  muscular  coats  of 
the  arteries  for  an  explanation  of  the  respiratory  variation  in  the 
blood  pressure,  and  to  accord  to  this  tissue  automatic  rhythmical 
contractility. 

The  blood  pressure  in  the  capillaries  cannot  be  directly  meas- 
ured by  the  means  above  described  and  it  is  difficult  to  estimate. 
It  is  said  to  vary  from  10-20  mm.  of  mercury.  The  slight- 
est change  of  pressure  in  the  corresponding  veins  or  arteries 
causes  the  pressure  in  the  capillaries  to  rise  or  fall.  Thus,  varia- 
tions in  pressure  are  constantly  occurring  in  the  capillaries  which 
cause  an  alteration  in  the  rate  of  flow,  or  even  a  retrograde  stream 
in  some  parts  of  the  network. 

The  regulation  of  the  blood  supply,  and,  therefore,  of  the 
pressure  in  the  capillaries,  is  under  the  control  of  the  small 
arterioles  which  supply  them  ;  a  slight  relaxation  of  the  muscle 
of  the  arterioles  causes  great  increase  in  the  amount  of  blood 
flowing  through  the  capillaries,  as  can  readily  be  seen  with  the 
microscope. 

The  blood  pressure  in  the  veins  must  be  less  than  that  in  the 
capillaries,  ^nd,  as  has  been  said,  must  diminish  as  the  heart  is 
approached,  where  in  the  great  veins  (superior  cava)  the  pressure 
is  said  to  be,  rather  below  that  of  the  atmosphere  (-3  to 
-  8  mm.  mercury).  During  inspiration  the  minus  pressure 
may  become  further  lowered,  whilst,  on  the  other  hand,  it  is 
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only  by  very- forced  expiration  that  it  ever  becomes  equal  to  or 
at  all  above  that  of  the  atmosphere. 

This  is  a  most  important  fact,  as  the  suction,  as  it  may  be 
called,  considerably  helps  the  flow  of  blood  from  the  veins,  and 
also  the  current  of  fluid  from  the  thoracic  duct. 

The  pressure  exerted  by  the  walls  of  the  veins  on  the  blood 
may  be  said  to  be  generally  nil,  since  the  veins  are  not  filled 
with  blood.  The  pressure,  on  the  other  hand,  that  can  be  reg- 
istered and  measured  depends  upon  forces  communicated  from 
without,  namely,  (i)  gravity,  (2)  the  elastic  pressure  of  the 
surrounding  tissue,  and  (3)  the  pressure  exerted  by  the  muscle 
during  contraction.  This  pressure  is  increased  by  any  circum- 
stance which  impedes  the  flow  of  blood  through  the  right  side 
of  the  heart,  through  any  large  vein,  or  through  the  pulmonary 
circulation  ;  but  when  no  abnormal  obstacle  exists  in  the  venous 
blood  current  the  pressure  in  those  vessels  can  never  attain  any 
great  height,  for,  as  we  have  seen,  the  large  trunks  are  constantly 
being  emptied  by  the  iieart's  action. 

Most  circumstances  which  tend  to  lower  arterial  pressure  also 
tend  to  raise  the  pressure  in  the  veins,  so  that,  when  the'  heart's 
action  is  weak  or  its  mechanism  faulty  the  venous  pressure 
rises. 

In  the  veins  of  the  extremities  the  pressure  varies  with  gravity, 
as  far  as  the  valves  and  the  alternating  muscular  pressure  on  the 
multiple  venous  routes  will  allow.  Hence  venous  bleeding  stops 
on  elevation  of  the  limb. 

In  the  pulmonary  circulation  the  direct  measurement  of  the 
intravascular  pressure  is  rendered  extremely  difficult,  and  pos- 
sibly erroneous,  by  the  fact  that  to  ascertain  it  the  thorax  has  to 
be  opened.  It  has  been  found  in  the  pulmonary  artery  to  be  in 
a  dog  29.6  mm.,  in  a  cat  17.6  mm.,  and  in  a  rabbit  12  mm.  of 
mercury. 

III.  The  Arterial  Pulse. 
Each  systole  of  the  ventricle  sends  a  quantity  of  blood  into  the 
aorta,  and  thus  communicates  a   stroke  to   the  blood  in  that 
vessel.     The  incompressible  fluid  still  further  distends  the  tense 
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arterial  wall,  and  the  shock  to  the  column  of  blood  is  not  trans- 
mitted directly  onward  by  the  fluid,  but  the  elastic  walls  of  the 
arteries  yield  locally,  and  thus  a  wave  travels  rapidly  along  those 
vessels.  This  distention  in  the  walls  of  the  vessel  can  be  felt 
wherever  the  artery  can  be  reached  by  the  finger,  but  best,  as  is 
the  case  in  the  radial  and  temporal  arteries,  where  the  vessel  is 
superficial  and  lies  on  the  unyielding  bone. 

This  motion  of  the  vessel  wall  is  called  the  arterial  pulse.  It 
consists  of  a  simultaneous  widening  and  lengthening  of  the 
artery.  The  arteries  near  the  heart  are  more  affected  by  the 
pulse  wave  than  those  more  remote,  the  wave  becoming  fainter 
and  fainter  as  it  travels  along  the  branching  arteries.*  In  the 
smallest  arteries  it  is  hardly  recognizable,  and  under  ordinary 
circumstances  is  quite  absent  in  the  capillaries  and  veins. 

The  diminution  in  the  pulse-wave  in  the  smaller  arteries 
chiefly  depends  upon  the  fact  that  the  force  of  the  wave  is  used 
up  in  distending  the  successive  parts  of  the  arteries.  In  the 
small  arteries  the  extent  of  surface  to  which  the  pulse-wave  is 
communicated  is  great,  and  thereby  the  wave  is  much  decreased. 
It  is  probable  that  reflected  waves  pass  from  the  peripheral  end 
of  the  arterial  tree — the  contracted  arterioles — and  meeting  the 
pulse-wave  in  the  small  arteries  help  to  obliterate  it.  So  long  as 
the  arterioles  are  contracted  to  the  normal  degree  no  pulsation  is 
communicated  to  the  capillaries,  because  any  wave,  reaching  the 
arterioles,  is  reflected  by  them. 

Pulse  Rate. — The  mean  rate  of  the  pulse  (cardiac  rhythm) 
varies  in  different  individuals,  72  per  minute  being  a  fair 
average  for  a  middle-aged  adult.  It  varies  also  with  many 
circumstances,  which,  though  purely  physiological,  must  be  borne 
in  mind  in  taking  the  pulse  as  a  clinical  guide. 

1.  Age.  At  birth  it  is  about  140  per  minute,  and  is,  generally 
speaking,  quicker  in  young  than  in  old  people,  commonly  falling 
to  60  in  aged  persons. 

2.  Sex.  It  is  more  rapid  in  females  than  in  males. 

3.  Posture.  It  is  quicker  standing  than  lying,  particularly  if  a 
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patient  who  has  been  lying  down  stand,   or  sit  up,  the  pulse 
becomes  more  rapid. 

4.  The  time  of  day.  At  its  minimum  at  midnight,  it  gains  in 
rapidity  till  9  o'clock  in  the  morning  ;  falls  in  the  daytime,  and 
rises  in  the  evening  till  6  o'clock. 

5.  Muscular  exercise  quickens  it. 

6.  It  is  quicker  during  inspiration  than  expiration. 

7.  It  increases  with  increase  of  temperature. 

8.  It  is  variously  affected  by  emotions. 

Velocity  of  Pulse  Wave. — Near  the  orifice  of  the  aorta 
the  artesial  distention  occurs  practically  at  the  same  time  as  the 

Fig.  126. 


Marey's  Sphygmograph. 

The  frame,  B,  B,  b,  is  fastened  to  the  wrist  by  the  straps  at  B,  B,  and  the  rest  of  the  instru- 
ment lies  on  the  forearm.  The  end  of  the  screw,  v,  rests  on  the  spring,  r,  the  button 
of  which  lies  on  the  radial  artery.  Any  motion  of  the  button  at  R  is  communicated  to 
v,  which  moves  the  lever,  L,  up  and  down.  When  in  position,  the  blackened  slip  (^ 
glass,  p,  is  made  to  move  evenly  by  the  clockwork,  H,  so  that  the  writing  point  draws  a 
record  of  the  movements  of  the  lever. 


ventricular  systole,  but  even  with  comparatively  rough  methods 
the  pulse  at  the  wrist  can  be  observed  to  be  a  little  later  than  the 
heart-beat.  The  difference  of  time  between  the  pulse  in  the 
facial  and  the  dorsal  artery  of  the  foot  has  been  estimated  to  be 
one-sixth  of  a  second,  and  the  difference  in  the  distance  of  these 
vessels  from  the  heart  is  about  1500  mm.,  so  that  the  rate  at 
which  the  pulse  wave  travels  is  nearly  ten  meters  per  second. 
The  velocity  of  the  wave  is  said  to  vary  with  the  degree  of 
elasticity  of  the  walls  of  the  vessels,  decreasing  with  rigid 
walls.  It  would  appear  to  be  quicker  in  the  lower  than  in  the 
upper  extremities. 
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Length  of  the  Wave. — The  time  that  the  wave  takes  to 
pass  any  given  point  must  be  equal  to  the  time  taken  to  pro- 
duce it,  that  is  to  say,  the  time  the  ventricle  occupies  in  sending 
a  new  charge  of  blood  into  the  aorta,  which  is  about  one- 
third  of  a  second.  Knowing  the  rate  at  which  the  wave  travels 
(ten  meters  per  second)  and  the  time  it  takes  to  pass  any  given 
point  (J^  second),  its  length  may  be  calculated  to  be  about  three 
meters,  or  about  twice  as  long  as  the  longest  artery.  Thus  the 
pulse  wave  reaches  the  most  distant  artery  in  one-sixth  of  a  sec- 
ond, or  about  the  middle  of  the  ventricular  systole,  and  when 
the  wave  has  passed  from  the  arch  of  the  aorta  its  summit  has 
reached  the  arterioles. 

Fig.  127. 


Tracing  drawn  by  Marey's  Sphygmograph,  The  surface  moved  from  right  to  left.  The 
vertical  up  strokes  show  the  period  when  the  shoclc  is  given  by  the  systole  of  the  ventricle. 
The  upper  wave  on  the  down  stroke  shows  when  the  blood  has  ceased  to  enter  the  aorta. 
Then  comes  the  dicrotic  depression^  which  is  a  negative  wave  produced  by  the  momen- 
tary back  flow  in  aorta,  and  the  dicrotic  elevation  caused  by  the  closure  of  the  valves. 


Pulse  Curve. — Numerous  instruments  have  been  invented 
for  the  demonstration  and  graphic  representation  of  the  pulse 
in  the  human  being.  Of  these  the  first  perfected  is  still  in 
general  use — Marey's  Sphygmograph  (Fig.  126).  A  modifica- 
tion of  Pond's  American  Sphygmograph,  devised  by  Dudgeon, 
is  a  convenient  form  for  clinical  use.  By  means  of  these  a 
graphic  record  of  the  pulse  is  made,  in  the  form  of  a  tracing 
which  shows  a  series  of  elevations  and  depressions  (Fig.  127). 
The  elevations  correspond  to  the  onset  of  a  wave,  and  the 
depressions  to  its  departure,  and  indicate  the  local  duration  of 
the  temporary  rise  of  the  arterial  pressure.  The  first  crest  or 
apex  of  the  pulse  curve  corresponds  to  the  shock  given  by  the 
systole,  and  is  exaggerated  by  the  inertia  of  the  lever.  In  the 
falling  part  of  the  curve  certain  irregularities  caused  by  secondary 
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waves  are  nearly  always  seen.  When  the  notches  only  appear 
on  the  descending  part  of  the  curve  the  tracing  is  spoken  of  as 
catacrotic.  Of  these  irregularities,  the  most  conspicuous  is  called 
the  dicrotic  wave.  Sometimes  there  are  several  of  these  sec; 
ondary  waves,  the  most  constant  of  which  is  a  small  wave  pre- 
ceding the  dicrotic,  called  predicroiic  ;  but  the  dicrotic  is  always 
more  marked  than  any  other.  When  several  secondary  waves 
exist  in  the  pulse  curve  the  smaller  ones  probably  depend  on 
oscillations  partly  due  to  the  inertia  of  the  lever  of  the  instru- 
ment. 

The  dicrotic  wave  certainly  does  not  depend  on  the  instru- 
ment, because  in  many  cases  the  skilled  finger  laid  on  the  radial 
artery  at  the  wrist  can  easily  detect  it,  and  it  can  be  directly 
seen  in  the  vessel  when  the  pulsation  in  the  arteries  is  visible, 
or  when  a  jet  of  blood  escapes  from  an  artery. 

The  dicrotic  wave  has  been  explained  as  (i)  a  wave  of  oscilla- 
tion, (2)  a  wave  reflected  from  the  periphery,  or  (3)  a  wave 
from  the  aortic  valves. 

1.  If  the  first,  it  should  be  less  marked  than  the  predicrotic, 
which  by  this  theory  is  said  to  be  the  first  wave  of  oscillation, 
for  each  succeeding  oscillation  is  less  than  its  forerunner.  But, 
as  already  mentioned,  the  dicrotic  is  invariably  the  larger.  It 
is  therefore  not  due  simply  to  oscillation. 

2.  There  are  many  reasons  why  it  cannot  be  a  wave  of 
reflection  from  the  periphery  of  the  arterial  tree  :  viz.,  (i)  it  is 
not  found  to  get  nearer  to  the  primary  wave  in  a  series  of  trac- 
ings by  which  the  peripheral  vessels  are  approached ;  (2)  the 
arterioles  which  form  the  peripheral  resistance  are  at  too  irregu- 
lar distances  to  give  one  definite  wave  of  reflection ;  (3)  it  is 
seen  in  the  spurting  of  an  artery  cut  off  from  the  periphery ;  (4) 
it  increases  with  greater  elasticity  and  low  tension,  which  cause 
the  reflected  waves  to  diminish. 

3.  When  a  new  charge  of  blood  is  shot  into  the  aorta  the 
elastic  wall  of  a  vessel  is  suddenly  stretched.  At  the  same  time 
a  shock  is  given  to  the  column  of  blood,  and  the  fluid  next  the 
valves  is  moved  forward  with  great  velocity.  Owing  to  its 
inertia  the  fluid  tends  to  pass  onward  from  the  valves,  and  thus 
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allows  a  momentary  fall  in  pressure  accompanied  by  a  slight 
reflux  of  the  blood  and  the  sudden  closure  of  the  valves.  These 
pressure  changes  cause  a  negative  and  positive  wave,  which  fol- 
low the  wave  of  impulse. 

We  may  conclude,  then,  that  the  dicrotic  notch  depends  upon 
a  negative  centrifugal  wave,  caused  by  the  sudden  stoppage  of 
the  inflow  and  the  momentary  reflux  of  blood  during  the  closure 
of  the  valve ;  and  the  dicrotic  crest  is  produced  at  the  comple- 
tion of  their  closure,  when  the  sudden  check  given  to  the  reflux 
of  the  blood  column  by  the  valves,  causes  a  positive  centrifugal 
wave  to  follow  the  primary  wave  of  the  pulse. 

The  elasticity  of  the  walls  of  the  aorta  by  its  resilient  recoil 
no  doubt  accentuates  the  dicrotic  notch  and  crest,  and  the  sub- 
sequent indications  of  waves  on  the  curve  are  altogether  due  to 
this  cause. 

The  view  that  the  reflux  of  blood  and  the  closure  of  the  valves 
produce  the  dicrotic  wave  is  supported  by  the  fact  that  the  con- 
ditions which  increase  the  dicrotism — viz.,  (i)  sharp,  strong 
systole,  (2)  low  arterial  tension,  and  (3)  perfect  resiliency — 
promote  the  recoil  and  closure ;  and,  on  the  other  hand,  the 
conditions  which  interfere  with  the  closure  of  the  valves  also 
diminish  the  dicrotic  wave  in  the  most  marked  degree,  viz.,  (i) 
inefficiency  of  the  aortic  valves  and  (2)  a  rigid  calcareous  con- 
dition of  the  arteries. 

The  amount  of  dicrotism,  and  therefore  the  form -of  the  pulse, 
is  greatly  modified  by  the  degree  of  tension  of  the  arteries. 
When  the  tension  is  low  the  notch  is  deep.  When  high  the 
notch  is  less,  and  the  dicrotic  crest  may  exceed  in  height  the 
percussion  wave.  Such  a  curve  seems  to  have  a  notch  on  its 
ascending  part  and  has  been  called  anacrotic.  This  variation 
in  the  form  of  the  curves  is  of  clinical  importance  as  a  means  of 
diagnosis,  the  anacrotic  pulse  usually  depending  on  disease.  It 
has  been  explained  differently  by  various  authorities. 

It  can  be  shown  in  an  elastic  tube,  fitted  with  a  suitable  pump 

and  sphygmographs,  that  when  the  outlet  is  closed  a  positive 

wave  is  reflected  from  the  distal  end  back  to  the  pump,  and 

when  the  outlet  is  opened  a  negative  centripetal  wave  is  reflected. 

28 
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This  fact  assists  in  explaining  the  abnormal  variations  in  the 
character  of  the  pulse  curve  of  the  radial  artery,  where  the  equi- 
distance of  the  derived  arterioles  enables  the  reflected  waves  to 
have  considerable  effect.  When  the  arterioles  are  constricted 
(a  condition  corresponding  to  the  closure  of  tube)  a  positive 
centripetal  wave  is  reflected  and  is  added  to  the  pulse  wave  so  as 
to  diminish  the  dicrotic  notch,  and  give  the  curve  known  as 
characteristic  of  the  "high  tension"  pulse,  seen  in  Fright's 
disease.  (Fig.  128,  II.)  On  the  other  hand,  when  the  arterioles 
are  widely  dilated  (corresponding  to  the  open  condition  of  the 
tube)  a  negative  wave  is  reflected,  and  is  subtracted  from  the 

Fig.  128. 


I  Scheme  of  Normal  Pulse  Curve  :  «,  entrance  of  ventricular  stream  into  the  aorta ;  the 
lever  is  jerked  too  high,  reaching*;  ab  shows  real  summit  of  waves;  bj  point  at 
which  stream  from  ventricle  ceases ;  c,  negative  wave  caused  by  sudden  cessation  of 
inflow  and  slight  reflux  of  blood;  rf,  point  of  closure  of  aortic  valves;  tf,  positive 
wave  from  valves  {dicrotic  wave).  The  time  may  be  measured  on  abscissa  at  a*  f  d', 
II.  Scheme  of  High  Tension  Pulse  Curve  (constricted  arterioles) :  A,  curve  of  radial 
pulse,  which  is  the  resultant  of  positive  reflected  wave,  C,  added  to  the  primary 
curve,  B. 
III.  Scheme  of  Low  Tension  Pulse  Curve  (dilated  arterioles);  A,  radial  pulse  curve, 
which  is  the  resultant  of  the  negative  reflected  wave,  C,  subtracted  from  the  primary 
wave,  B.     f^A/ter  Grashey.) 

force  of  the  pulse  wave  so  as  to  exaggerate  the  dicrotic  notch, 
and  give  the  tracing  characteristic  of  the  "low  tension"  pulse 
seen  in  fever,  etc.     (Fig.  128,  III.) 

From  comparisons  of  intracardiac  with  aortic  pressures,  it  has 
been  thought  that  the  anacrotic  pulse  curve  is  formed  when  the 
increase  of  pressure  within  the  aorta,  caused  by  the  systole, 
occurs  gradually,  owing  either  to  prolonged,  forcible  systole,  or 
very  high  pressure  in  the  aorta.  On  the  other  hand,  when  the 
peripheral  resistance  is  small  (low  tension)  the  blood  escapes 
more  rapidly  from  the  arteries,  and  the  increase  of  pressure 
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caused   by  the  systole  soon  attains  its  full  height  and  rapidly 
begins  to  fall,  giving  the  catacrotic  pulse. 


IV.  Velocity  of  the  Blood  Current. 

The  velocity  of  the  blood  must  not  be  confounded  with  the 
velocity  of  the  pulse  wave,  which  bears  to  it  the  same  relation 
as  the  rapid  surface  waves  on  a  river  do  to  the  rate  of  the 
sluggish  stream  of  water. 

It  has  already  been  mentioned  that  the  general  bed  of  the 
blood  increases  from  the  aorta  to  the  capillaries,  and  decreases 
from  the  capillaries  to  the  vena  cava.  The  branches  of  an 
artery  or  tributaries  of  a  vein  have  collectively  a  larger  sec- 
tional area  than  the  vessel  from  which  they  spring  or  to  which 
they  lead,  respectively  j  or,  in  other  words,  if  we  imagined  the 
whole  vascular  system  fused  together  into  one  tube  it  would 
form  two  somewhat  irregular  cones,  one  corresponding  to  the 
arteries  and  the  other  to  the  veins,  with  their  bases  placed  at 
the  capillaries  and  their  apices  at  the  heart.  Between  the  two 
cones  a  still  wider  portion  would  represent  the  aggregate  sec- 
tional area  of  the  capillaries.     (Fig.  117,  p.  306.) 

Since  the  same  quantity  of  blood  must  pass  through  each 
section  of  these  cones  in  a  given  time,  the  rate  at  which  it  flows 
must  vary  greatly  in  the  different  parts,  being  faster  in  pro- 
portion as  the  diameter  of  the  part  is  narrower,  in  accordance 
with  the  well-known  physical  law  that  with  the  same  quantity  of 
liquid  flowing,  its  velocity  changes  inversely  with  the  square  of 
the  diameter  of  the  tube  (V  oc  -fr)-  Thus,  the  mean  velocity 
of  the  flow  in  the  arteries  becomes  slower  as  the  capillaries  are 
approached,  and  in  the  wide  bed  of  the  latter  the  rate  of  the 
current  is  reduced  to  the  minimum.  In  the  small  veins  the  rate 
is  slower  than  in  the  larger  trunks,  but  on  the  venous  side  its 
rapidity  never  reaches  that  of  the  aorta,  where  it  may  be  said  to 
move  at  least  twice  as  quickly  as  in  the  vena  cava. 

The  following  table  may  be  useful  in  giving  a  general  idea  of 
the  average  velocity  in  different  parts  of  the  circulation  : — 


330  MANUAL   OF  PHYSIOLOGY. 

Near  valves  of  aorta — while  the  ventricles 

are  contracting — it  reaches, 1 200  mm.  per  sec. 

Descending  aorta, 300-600        "         " 

Carotid, 205-357         "          " 

Radial, 100  mm.  per  sec. 

Metatarsal 57     "  " 

Arterioles, 50     "  " 

Capillaries 0.5 "  " 

Venous  radicles, 25     "  " 

Small  veins  on  dorsum  of  hand,  .    .        .  50    "  " 

Venae  cavse, -  .    .    .    .  200    "  " 


In  the  aorta,  near  the  valves,  the  rapidity  of  the  blood  current 
varies  with  the  flow  through  the  aortic  orifice,  which  is  inter- 
mittent, and  this  variation  is  more  or  less  communicated  to  the 
neighboring  arteries  in  the  form  of  an  increase  of  rapidity 
coincident  with  the  beat  of  the  arterial,  pulse.  The  variation 
in  the  rate  of  the  blood  flow  which  is  caused  by  the  heart-beat 
diminishes  with  the  force  of  the  pulse  as  the  smaller  arteries  are 
approached,  and  finally  ceases  completely  in  the  capillaries, 
where  under  ordinary  circumstances  the  flow  is  perfectly  con- 
tinuous. In  the  first  part  of  the  aorta  the  velocity  of  the  blood 
flow  is  reduced  to  nil  after  each  ventricular  beat,  while  in  the 
capillaries  no  change  is  perceived.  Between  these  two  extremes, 
gradations  which  follow  the  same  rules  as  the  pulse  maybe  found. 

The  general  mean  velocity  varies  directly  with  the  blood 
pressure,  which  bears  a  generally  inverse  relation  to  the  caliber 
of  the  arteries.  The  velocity  in  any  one  artery  and  its 
branches  will  vary  with  the  caliber  of  those  vessels,  which 
are  constantly  undergoing  local  changes  in  size. 

Generally  speaking,  quick  heart -beats  increase  the  velocity  ol 
the  stream,  but  no  definite  or  invariable  relation  exists  between 
the  rate  of  the  heart-beat  and  of  the  current  of  the  blood.  The 
vaso-motor  influences  have,  no  doubt,  much  more  effect  than  the 
heart-beat  on  the  rate  of  the  stream  in  the  smaller  vessels  the 
caliber  of  which  they  control. 

In  looking  at  the  blood  passing  through  the  small  vessels  of  a 
transparent  tissue,  such  as  the  frog's  tongue  or  web,  it  appears 
that  different  parts  of  the  column  of  fluid  move  with  different 
velocities.     Down  the  center  of  the  stream  the  red  corpuscles 
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are  seen  coursing  rapidly,  while  between  the  central  part  and 
the  vessel  wall,  on  each  side,  a  pale  line  of  plasma  can  be 
recognized,  which  seems  to  flow  more  slowly  and  to  carry  with 
it  only  a  few  white  corpuscles. 

In  the  veins  the  velocity  varies  greatly  with  a  variety  of 
circumstances  which  have  little  or  no  effect  on  the  arterial  flow. 
Thus,  the  position  of  the  body  or  limb,  the  activity  of  the 
neighboring  muscles,  and  the  respiratory  movements  alter  it, 
but  as  a  general  rule  the  flow  in  the  veins  is  pretty  steady, 
there  being  no  pulsation  or  corresponding  variation  of  velocity. 
In  the  large  vessels  the  onward  flow  is  affected  by  the  contrac- 
tion of  the  auricles.  During  the  auricular  systole  the  veins 
cannot  empty  themselves,  and  therefore  there  is  a  slight  check 
to  the  onward  flow,  and  the  velocity  of  the  current  is  corre- 
spondingly reduced.  In  abnormal  cases,  where  the  auricles  are 
dilated  and  distended  with  blood,  this  may  cause  a  definite 
pulsation,  which  becomes  visible  in  the  great  veins  of  the  neck. 

V.  Work  Done  by  the  Heart. 

The  amount  of  work  done  by  any  form  of  engine  may  be  ex- 
pressed as  so  many  kilograrameters  per  hour ;  that  is  to  say,  the 
number  of  kilograms  it  could  raise  to  the  height  of  one  meter 
in  that  time. 

The  left  ventricle  moves  with  each  systole  about  0.188 
(Volkmann)  Uilograms  of  fluid  against  an  arterial  pressure  cor- 
responding to  3.21  (Donders)  meters  height  of  blood,  i.  e., 
0.188  X  3-21  ^  0.604  kilogrammeters  for  each  systole.  This  at 
75  per  minute  for  24  hours  would  be — 

0.604  X  75  X  60  X  24  ^  65,230  kilogrammeters. 

The  right  ventricle  does  about  one-third  as  much  work  as  the 
left,  making  a  total  of  86,970  kilogrammeters  for  the  ventricles. 
,0r,  in  other  words,  the  heart  of  a  man  weighing  twelve  stone 
does  as  much  work  in  twenty-four  hours  as  would  be  required  to 
lift  his  body  1 248  yards  into  the  air,  i.  e. ,  nearly  ten  times  as 
high  as  the  steeple  of  St.  Paul's  Cathedral. 
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Controlling  Mechanisms  of  the  Blood-Vessels. 

Vaso-motor  Nerves. — That  the  arteries  possessed  elastic 
resiliency  and  vital  contractility,  which  regulated  the  amount  of 
blood  flowing  to  any  given  part,  was  observed  by  John  Hunter 
in  studying  inflammation. 

The  muscle  cells  have  long  since  been  clearly  demonstrated 
in  the  middle  coats  of  the  arteries,  but  nothing  was  known  of 
the  nervous  channels  which  bore  the  stimulus  to  the  vessels,  or 
the  nerve  centers  which  regulated  their  contraction,  until  com- 
paratively recent  times. 

The  first  definite  knowledge  concerning  special  nerves  for 
the  control  of  the  muscular  wall  of  the  vessels  is  due  to  Claude 
Bernard.  He  showed  that  cutting  the  sympathetic  nerve  in.the 
neck  was  followed  by  an  increase  in  temperature  of  that  side  of 
the  head  and  great  dilatation  of  the  arteries. 

It  was  further  observed  that  stimulation  of  the  superior 
ganglion  of  the  sympathetic  brought  about  an  opposite  result, 
namely,  a  fall  in  temperature  and  contraction  of  the  vessels  on 
the  side  at  which  the  stimulus  was  applied.  If  the  stimulus 
was  increased,  the  vessels  contracted  more  than  the  normal,  but 
on  cessation  of  the  stimulus  they  became  dilated  above ,  the 
normal,  and  the  temperature  again  rose ;  the  effects  of  the 
stimulus  gradually  passed  off".  From  this  it  was  concluded  that 
the  sympathetic  in  the  neck  contained  constrictor  fibers  which 
conveyed  impulses  causing  habitual  tonic  contraction  of  the  - 
vessel  wall,  corresponding  to  what  was  already  recognized  as 
arterial  tone.  On  section  of  the  nerve  the,  tonic  contraction 
disappeared,  but  on  gentle  stimulation  it  reappeared,  and  if 
more  strongly  stimulated  an  excessive  contraction  set  in,  caus- 
ing occlusion  of  many  of  the  vessels. 

Subsequent  experiments  have  shown  that  all  the  vessels  are 
supplied  with  similar  vasomotor  (constrictor)  nerves,  section  of 
which  causes  dilatation,  while  stimulation  causes  contraction  of 
the  vessels  in  the  territory  presided  over  by  the  stimulated  nerve. 

It  has  also  been  shown  that  the  vaso-constrictor  nerves  for  all 
parts  of  the  body  come  from  the  cerebro-spinal  axis,  passing  out 
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from  the  spinal  cord  as  extremely  fine  medullated  fibers  (white  rami 
communicantes)  by  the  anterior  roots  of  all  the  spinal  nerves 
between  the  second  thoracic  and  second  lumbar.  They  join  the 
sympathetic,  which  may  be  regarded  as  a  chain  of  vaso-motor 
ganglia,  and  are  distributed  to  the  vessels  either  as  special 
nerves,  branches  of  the  sympathetic,  as  the  splanchnics,  or  with 
the  general  peripheral  nerve  trunks. 

Although   stimulation   of  almost  any  nerve   causes   vascular  ; 
contraction,  it  has  been  shown  that  in  some  parts  stimulation  i 
gives  rise  to  an  opposite  result,  viz.,  vascular  dilatation.     Thus,  I 
stimulation  of  the  chorda  tympani  or  nervi  erigentes  is  followed 
by  dilatation   of  the  arterioles  of  the   submaxillary  gland   and 
penis  respectively.      This  dilatation   is  caused   by  the   nerve  ^ 
impulses   checking  the  normal  contraction  by  inhibiting    the 
activity  of  the  vascular  muscles.    It  is  believed  that  all  arterioles  1 
may  be  influenced  by  such  fibers,  but  the  greater  power  of  the  i, 
constrictor  fibers  in  most  nerves  prevents  their  demonstration. 

These  vaso-dilator  fibers  also  come  from  the  central  nervous 
system,  but  those  whose  course  is  known  travel  by  quite  a 
different  route  from  that  traversed  by  the  vaso-constrictor  fibers, 
and  are  not  all  connected  with  the  sympathetic  ganglia.  Those 
coming  from  the  spinal  accessory  pass  out  of  the  cranium  with 
the  vagus  nerve,  others  leave  the  vertebral  canal  with  the  second 
and  third  sacral  nerves.  No  vaso-inhibitory  fibers  have  been 
found  to  pass  by  the  other  spinal  roots. 

Vaso-motor  Centers. — The  nerve  cells  which  govern  the 
majority  of  the  vaso-motor  channels  lie  in  the  upper  part  of  the 
medulla  oblongata,  in  the  floor  of  the  fourth  ventricle.  This  is 
proved  by  two  facts :  first,  most  of  the  brain  may  be  removed 
without  diminishing  the  arterial  tone ;  and  second,  if  the  spinal 
cord  be  cut  below  the  medulla  (artificial  respiration,  of  course, 
being  kept  up)  the  mean  blood  pressure  is  found  to  fall  imme- 
diately almost  to  the  level  of  the  atmospheric  pressure,  owing 
to  the  relaxation  of  the  smaller  arteries  consequent  on  the 
paralysis  of  their  muscular  coat. 

The  changes  in  the  capillary  circulation  caused  by  vascular 
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paralysis  can  be  seen  in  the  web  of  a  frog,  in  which  the  medulla 
has  been  destroyed  (pithed),  while  the  circulation  is  being 
studied.  The  small  arteries  dilate  and  the  pulse  becomes 
apparent  in  the  capillaries  and  even  in  the  veins. 

It  seems  probable  that  in  the  medulla  oblongata  a  vaso-motor 
center  exists,  which  can  regulate  the  contraction  of  all  the 
vessels  and  keep  them  constantly  more  or  less  contracted. 
This  slight  general  vascular  constriction  is  spoken  of  as  the 
arterial  tone.     The  existence  of  such  a  center  in  the  medulla. 

Fig.  T29. 


J^ 


Kymographic  Tracing,  showing  the  effect  on  the  blood-pressure  curve  of  stimulating  the 
central  end  of  the  depressor  nerve  in  the  rabbit.  The  recording  surface  moving  from 
left  to  right,  c,  commencement  and,  o,  cessation  of  stimulation.  There  is  considerable 
delay  (latency)  in  both  the  production  and  cessation  of  the  effect.  T,  marks  the  rate  at 
which  the  recording  surface  moves,  and  the  line  below  is  the  base  line.     \Foster^ 


and  of  nerve  channels  in  the  cord  leading  from  it,  is  made  cer- 
tain by  the  fact  that  if  a  gentle  stimulus  be  applied  to  a  certain 
part  of  the  medulla,  or  just  below  it,  simultaneous  general  vas- 
cular constriction  sets  in,  as  indicated  by  a  great  and  sudden 
rise  in  the  blood  pressure. 

Pressor  Influences. — The  action  of  the  vaso-motor  center  can 
be  excited,  the  tone  of  the  vessels  increased,  and  the  pressure 
raised,  either  by  (i)  direct  or  (2)  reflex  excitation.     Directly,  if 
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the  blood  flowing  through  the  medulla  contain  too  little  oxygen 
or  too  much  waste  products  it  stimulates  the  center  and  the 
blood  pressure  rises.  This  may  be  seen  by  temporarily  suspend- 
ing artificial  respiration  during  an  experiment  on  blood  pressure, 
when  the  pressure  rises  considerably.  Reflexly  the  activity  of 
the  vaso-motor  center  can  be  increased  by  (i)  the  stimulation  of 
any  large  sensory  nerve  or  (z)  by  sudden  emotion  (^fear). 

Depressor  Influences. — The  tone  of  the  arteries  may  be 
diminished  by  inhibiting  the  activity  of  the  vaso-motor  centers 
by  the  stimulation  of  a  certain  afferent  nerve,  the  anatomy  of 
which  has  been  made  out  in  the  rabbit  and  some  other  animals, 
and  probably  has  its  analogue  in  man.  It  passes  from  the  inner 
surface  of  the  heart  to  the  vaso-motor  center  in  the  medulla. 
The  effect  of  stimulation  of  this  nerve  in  lowering  the  blood 
pressure  is  so  great  that  it  is  called  the  depressor  nerve.  Some 
emotions  {shame')  may  also  reduce  the  activity  of  the  center,  as 
seen  in  blushing,  which  is  simply  dilatation  of  the  facial  vessels. 

Subsidiary  Centers. — Besides  this  chief  vaso-motor  center  it 
is  probable  that  in  the  higher  animals,  as  certainly  is  the  case 
in  the  frog,  other  centers  are  distributed  throughout  the  spinal 
cord  which  are  able  to  take  the  place  of  -the  great  primary 
center.  After  the  spinal  cord  has  been  cut  high  up,  the  hinder 
extremities  more  or  less  recover  their  vaso-motor  power  in  a 
few  days,  and  destruction^of  the  lower  part  of  the  spinal  cord 
causes  renewed  vascular  dilatation.  In  frogs  this-  recovery 
takes  place  rapidly,  the  centers  being  less  confined  to  the 
medulla  than  is  the  case  in  the  more  highly  organized 
animals,  but  in  the  rabbit  and  dog  it  has  been  observed  to 
occur  more  slowly. 

Regulation  of  the  Distribution  of  the  Blood. — Besides 
ke.eping  up  the  normal  blood  pressure,  the  arterial  muscles 
have  the  equally  important  function  of  regulating  the  amount 
of  blood  supplied  to  various  organs  at  different  times.  Both 
vaso-motor  and  dilator  impulses  are  probably  employed  for  this 
purpose,  but  more  particularly  the  latter. 

The  various  experimental  results  recently  obtained  show  that 
29 
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the  vascular  nerve  mechanisms  are  very  complex.  The  suppo- 
sition of  some  such  arrangements  as  the  following  may  help  the 
student. 

1.  The  blood-vessels  have  muscular  elements  which,  though 
commonly  controlled  by  nerves,  are  capable  of  automatic 
activity.  A  supply  of  arterial  blood  is  sufficient  stimulus  for 
their  moderate  action,  and  mechanical  or  other  local  stimulus  is 
capable  of  exciting  increased  constriction.  We  know  that  such 
automatic  contractility  exists  in  the  heart  of  many  of  the  lower 
animals,  and  we  have  no  reason  to  doubt  its  existence  in  mam-, 
mals.  Moreover,  such  a  view  obviates  the  necessity  of  supposing 
that  local  nerve  elements  exist  which  cannot  be  recognized  mor- 
phologically. 

2.  In  the  medulla  oblongata  there  exist  nerve  cells  which  exert 
a  constant  influence  over  the  activity  of  the  vascular  muscles. 
These  groups  of  nerve  cells,  which  compose  the  vascular  nerve 
centers,  may  be  divided  into  motor  and  inhibitory.  From 
these  centers  impulses  of  two  distinct  kinds  emanate,  the  one 
increasing  the  action  of  the  contractile  elements,  and  the  other 
diminishing  it.  They  are  intimately  connected  with  the  centers 
which  preside  over  the  functional  activity  of  the  various  viscera, 
and  are  also  closely  related  to  the  nerves  coming  from  all  parts 
of  the  circulatory  apparatus. 

3.  Direct  communication  between  these  vaso-motor  and  vaso- 
inhibitory  centers  and  the  blood-vessels  is  kept  up  by  means  of 
efferent  nerve  channels,  some  bearing  exciting  (vaso-constrictor) 
and  others  inhibitory  (vaso-dilator)  impulses. 

4.  The  activity  of  the  contractile  elements  of  any  given  vas- 
cular area  may  be  altered  by  influences  from  different  sources, 
(a)  Local  influences  are  brought  but  little  into  play,  but  if  the 
part  be  cut  off"  from  the  nervous  centers,  they  are  capable  of 
controlling  the  blood  supply  by  changing  the  degree  of  local 
arterial  constriction.  (/3)  Central  influences  from  the  medulla 
are  habitually  in  action,  affecting  all  the  vessels  and  keeping  up 
the  vascular  tone.  These  impulses  are  vario'usly  modified  by 
changes  occurring  in  distant  parts  of  the  circulatory  apparatus, 
and  act  as  a  general  regulating  mechanism.     (;')  Special  influ- 
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ences,  which  are  associated  with  the  functions  of  the  different 
parts  and  organs,  are  only  called  into  operation  during  the 
performance  of  the  function,  whatever  it  may  be.  These  im- 
pulses are-  probably  conveyed  by  the  same  nerves  as  excite  the 
various  forms  of  functional  activity. 

These  three  modes  of  regulation  have  different  powers  in 
different  parts,  and  thus  we  find  that  section  or  stimulation  of 
certain  nerves  gives  vaso-motor  effects  which  appear  contra- 
dictory. 

Section  of  a  sensory  nerve  causes  temporary  vaso-motor 
paralysis,  owing  to  the  chronic  constrictor  influence  being  cut 
off.  Stimulation  of  the  peripheral  stump  causes  vaso-constric- 
tion  from  excitation  of  the  fibers  bearing  these  impulses. 

The  stimulation  of  a  motor  nerve  causes  an  increase  in  the 
flow  of  blood  through  the  muscle,  i.  e.,  is  associated  with  a  vaso- 
dilator effect,  probably  dependent  on  the  inhibitory  influence  of 
certain  efferent  fibers  which  check  the  local  vascular  agencies. 

Thus  we  must  suppose  that  there  exist  local  agents  under  the 
control  of  the  medullary  centers,  and  that  there  are  distinct  sets 
of  efferent,  exciting,  and  inhibitory  fibers  passing  between  the 
center  and  periphery.  One  set  of  fibers  lies  in  the  ordinary 
functional  nerve  of  the  part,  the  other  in  the  sympathetic, 
which  to  a  great  extent  runs  along  the  vessels  themselves,  and 
there  forms  intricate  networks. 

As  far  as  we  know  anatomically  there  are  no  local  agents 
other  than  the  muscles  in  the  walls  of  the  vessels..  Since  the 
impulses  from  the  centers  which  can  stimulate  or  inhibit  the 
activity  of  the  local  agents  travel  by  different  fibers,  all  the 
observed  phenomena  may  be  explained  without  supposing  local 
nerve  centers  to  exist. 
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CHAPTER  XVI. 
RESPIRATION. 

The  blood  undergoes  a  series  of  modifications,  and  is  con- 
stantly being  altered  as  it  passes  from  one  part  or  organ  to 
another. 

It  has  already  been  seen  that  a  quantity  of  nutrient  material  is 
taken  up  by  the  blood  on  its  way  through  the  capillaries  of  the 
alimentary  tract,  and  a  stream  of  lymph  and  chyle  is  poured  into 
it  when  it  reaches  the  great  venous  trunks ;  so  that  from  two 
sources  the  blood  is  materially  increased  in  quantity.  The  most 
essential  change  that  takes  place  in  the  circulatory  fluid  is  the 
respiratory.  All  the  blood  passes  through  the  lungs,  in  order  to 
insure  the  elimination  of  the  carbolic  acid  required  in  the 
general  systemic  capillaries,  and  the  re-charging  of  the  red  cor- 
puscles with  oxygen. 

These  gas  interchanges  will  form  the  subject  matter  of  the 
present  chapter ;  and  the  more  especial  modifications  which  the 
blood  undergoes  in  the  ductless  glands,  the  spleen,  the  liver,  etc., 
as  well  as  in  the  kidneys  and  other  excretory  glands,  will  be  con- 
sidered subsequently. 

As  has  already  been  pointed  out  (Chapter  V),  an  animal  dur- 
ing its  life  may  be  said  to  use  the  substances  supplied  to  it  in  food 
as  fuel,  and  thus  to  acquire  the  energy  which  is  bound  up  in 
them  ;  for  the  activities  of  the  various  tissues  are  really  combus- 
tions, being  as  a  rule  associated  with  an  oxidization  of  some  of 
the  carbon  compounds,  so  as  to  produce  carbon  dioxid  and 
water.  In  order  that  the  structures  may  be  able  to  undergo  this 
change  they  must  have  a  ready  supply  of  oxygen  constantly  at 
hand,  and,  moreover,  the  carbon  dioxid  which  is  formed  in  the 
process  must  be  removed.  The  regular  income  of  oxygen  and 
the  regular  discharge  of  carbon  dioxid  are  the  first  essentials  to 
life  ]  hence  we  find  in  almost  all  animals  special  arrangements. 
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known  as  the  respiratory  apparatus,  by  means  of  which  these  gases 
can  find  their  way  to  and  from  the  tissues  and  external  air  respec- 
tively. 

Here,  as  in  the  case  of  the  nutritive  materials,  the  blood  acts 
as  the  carrier.  The  pulmonary  half  of  the  circulation  is  devoted 
^o  the  gas  interchange  between  the  blood  and  the  atmosphere, 
and  is  spoken  of  as  external  respiration.  The  gas  interchange 
between  the  blood  and  the  tissues  which  takes  place  through  the 
walls  of  the  general  systemic  capillaries,  is  spoken  of  as  the 
internal  or  tissue  respiration. 

In  mammalia  the  pulmonary  apparatus  is  so  far  perfected  that 
all  the  necessary  gas  interchange  can  be  carried  on  by  the  lungs, 
and  the  respiratory  influence  of  the  external  skin  or  the  mucous 
passages  may  be  regarded  as  insignificant.  But  it  should  be 
remembered  that  whenever  the  blood  is  in  close  relation  to 
oxygen,  as  in  the  case  of  swallowed  air,  the  oxygen  is  soon 
absorbed  by  the  blood. 

In  some  of  the  lower  animals  the  cutaneous  surface  aids  very 
materially  in  respiration ;  ^or  example,  frogs  can  live  by  this 
cutaneous  respiration  alone  for  an  almost  indefinite  time. 

The  change  in  the  lungs  consists  in  (i)  oxygen  being  taken 
from  the  atmospheric  air*  by  the  blood  and  (2)  carbon  dioxid 
being  given  off  from  the  blood  to  the  air.  In  the  capillaries,  on 
the  other  hand,  the  blood  takes  the  carbon  dioxid  from  the 
tissues,  and  yields  to  them  a  great  portion  of  its  oxygen. 

I.  Respiratory  Mechanism  in  Lower  Animals. 
In  the  lowest  class  of  animals  {e.g.,  ameba)  we  find  no 
special  organs  for  the  purpose  of  respiration,  the  gas  interchange 
being  sufficiently  provided  for  by  the  exposure  of  the  general 
surface  of  their  bodies  to  the  medium  in  which  they  live,  namely, 
water. 

*  The  composition  of  tlie  atmosphere  is  everywhere  remarkably  constant,  in  spite  of  its 
oxygen  being  used  up  by  living  beings.    It  consists  of — 

Oxygen,    ...  .21  vols,  per  cent. 

Nitrogen, ....         79  "        " 

Carbonic  acid  gas  (variable), ....  ...  .  .  .04  "        " 

Moisture  (variable), S  "        *' 
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Fig.  130. 


All  higher  animals  have  some  special  apparatus  for  the  purpose 
of  respiration.  This  apparatus  has  always  the  same  essential 
object,  that  of  exposing  their  tissues  to  a  medium  containing 
oxygen,  and  of  removing  the  carbonic  acid  gas. 

In  some  of  the  invertebrate 
animals  the  medium  containing 
oxygen  is  distributed  throughout 
the  tissues  of  the  animal  by  a  sys- 
tem of  tubes.  Thus  in  the  Echino- 
dermata  a  water  vascular  system 
exists,  which  can  carry  on  the 
function  of  respiration.  An  anal- 
ogous method  of  distribution  of 
gaseous  oxygen  takes  place  in 
insecta,  in  which  delicately  branch- 
ing open  tubes  (tracheae)  distribute 
air  to  the  tissues  of  the  animal's 
body. 

When  more  active  changes  occur 
in  the  tissues  there  is  always  a  per- 
fect blood  vascular  system..  The 
blood  is  invariably  used  as  the  dis- 
tributing and  collecting  agent  of 
the  gases  in  the  tissues,  and  by 
flowing  through  some  special  organ  exposed  to  the  surrounding 
medium  it  insures  the  gas  interchange  between  the  body  and  the 
outer  world.  These  organs  are  formed  on  two  general  types : 
(i)  external  vascular  fringes,  and  (2)  internal  vascular  sacs. 

Animals  living  in  water  have  commonly  the  external  fringe 
arrangement  (gills),  while  those  living  in  air  have  sacs  (lungs). 
Some  animals  (Batrachia)  have  gills  in  the  early  stages  of  their 
life,  and  lungs  when  they  are  more  fully  developed.  In  frogs 
and  serpents  the  lungs  are  simple  sacs,  with  the  inner  surface 
increased  by  folds  of  the  lining  membrane,  which  gives  it  a 
honeycomb  appearance ;  into  each  sac  opens  one  of  the  divisions 
of  the  air-tube.     In  crocodiles  the  air  tubes  divide  into  several 


Diagram  of  the  Respiratory  Organs. 
The  windpipe  leading  down  from 
the  larynx  is  seen  to  branch  into  two 
large  bronchi,  which  subdivide  after 
they  enter  their  respective  lungs. 
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branches  which  open  into  a  series  of  anfractuous  vascular  recesses 
communicating  one  with  another. 

In  birds  wide  bronchial  tubes  pass  through  the  lung  tissue  to 
reach  large  air  cavities.  The  walls  of  the  tubes  are  studded  with 
the  openings  of  innumerable  air  cells,  lined  with  capillary  blood- 
vessels. The  terminal  air  cavities  are  not  vascular  as  in  the 
mammalian  lung. 


II.  Structure  of  the  Lung  and  Air  Passages. 
The    respiratory    appa- 
ratus of  mammals  consists 


Fig.  131. 


of  (Ji)  vascular  sacs  filled 
with  air,  known  as  the  lung 
alveoli;  (2)  channels  by 
which  these  sacs  are  ven- 
tilated— the  air  passages ; 
(3)  motor  arrangements, 
which  carry  on  the  venti- 
lation of  the  lungs — the. 
thorax. 

I.  The  Lungs.— The 
lungs  are  made  up  of  in- 
numerable minute  cavities 
(alveoli),  with  thin  septa 
springing  from  the  inner 
surface  so  as  to  divide  the 
space  into  several  compart- 
ments or  air  cells.     Each 

of  these  cavities  forms  a  dilatation  on  the  terminal  twig  of  a 
branching  bronchus,  and  may  be  regarded  as  an  elementary  lung. 
The  aggregate  of  these  cavities,  and  the  branches  of  the  air 
passages  and  vessels  distributed  to  them,  make  up  the  structure 
of  the  lung. 

The  walls  of  the  cavities  are  formed  chiefly  of  fine  elastic 
fibers,  and  the  surface  is  lined  with  exceptionally  delicate  and 
thin-celled  epithelium.  Supported  in  the  delicate  framework  of 
elastic  and  connective  tissue  is  the  remarkably  close-set  network 


Section  of  small  portion  of  Lung  in  which  are  seen 
a  bronchial  tube  with  its  plicated  lining  mucous 
membrane  in  the  center,  and  the  large  blood- 
vessels at  the  sides  cut  across.  Loose  areolar 
tissue  and  numerous  lymphatics  surround  the 
large  vessels  and  separate  them  from  the  lung 
tissue. 
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of  capillaries,  in  which  the  blood  is  exposed  to  the  air.     The 
delicate  wall  of  the  vessel,  and  the  thin  body  of  the  epithelial 


Fig.  132. 


TiA" 


Muscles  of  Larynx,  Viewed  from  Above. 
Th,  thyroid  cartilage ;  Th.  A,  thyro-arytenoid  muscle  ;  Cr,  cricoid  cartilage  ;  c  a.l,  lateral 
crico-arytenoid  muscle;    V,  fedges  of  the  vocal  cords;   c.a./,  posterior  crico-arytenoid 
muscle  ;  Ary,  arytenoid  cartilages  ;  Ar.j>^  posterior  arytenoid  muscle. 


Fig.  133. 


Transverse  Section  of  Part  of  the  Wall  of  a  Medium-sized  Bronchial  Tube. 
X  30.    {F.  E.  Schuiize.) 
a*  fibrous  layer  containing  plates  of  cartilage,  glands,  etc.;  3,  coat  composed  of  unstriated 
muscle;  c^  elastic  sub-epithelial  layer;  d^  columnar  ciliated  epithelium. 

lining  cell  are  the  only  structures  interposed  between  the  blood 
and  the  air. 
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Pleura. — The  external  surface  of  the  lungs  is  invested  by  a 
serous  membrane,  the  pleura,  which  is  reflected  to  the  wall  of 
the  thorax  from  the  roots  of  the  lungs,  and  completely  lines  the 
cavity  in  which  they  lie.  Thus  the  lungs  are  only  attached  to 
the  thorax  where  the  air  passages  and  great  vessels  enter,  the  rest 
of  their  surface  being  able  to  move  over  the  inner  surface  of  the 
thorax,  and  to  retract  from  the  chest  wall  if  air  be  admitted  into 
the  pleural  sac. 

Fig.  134. 


Section  ot  a  Portion  of  Lung  Tissue,  Showing  part  ot  a  very  Small  Bronchus  Cut  Across. 

(F.  E.  Schultze.) 
u,  fibrous  layer  containing  blood-vessels  ;  d,  layer  of  unstrtated  muscle ;  c,  layer  of  elastic 
fiber ;  d,  ciliated  epithelium. 


2.  Air  Passages. — The  bronchi  are  kept  permanently  open 
during  ordinary  breathing  by  the  elasticity  of  their  tissues. 
The  trachea  and  bronchi  have  special  cartilaginous  springs  for 
the  purpose.  These  are  closely  attached  to  the  fibro-elastic 
tissues  which  complete  the  general  foundation  of  the  walls  of 
the  tubes.  The  air  passages  are  throughout  lined  with  ciliated 
columnar  epithelium,  which,  at  the  entrance  to  the  infundibula 
loses  its  cilia,  and  is  converted  into  a  single  layer  of  flattened 
cells. 

The  air  passages  are  supplied  with  muscle  tissue  of  different 
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kinds.  Besides  the  ordinary  striated  muscles  that  control  the 
opening  of  the  anterior  and  posterior  nares  and  pharynx,  a 
special  set  surrounds  the  upper  part  of  the  larynx,  and  is  capable 
of  completely  closing  the  glottis,  and  thus  shutting  off  the  lung 
cavities,  and  proper  air  passages  from  the  outer  air.    (Fig.  132.) 

In  the  trachea  a  special  muscle  exists  which  can  narrow  the 
windpipe  by  approximating  the  extremities  of  the  C-shaped 
springs  that  normally  preserve  its  patency. 

In  the  bronchial  tubes  a  large  quantity  of  smooth  muscle  cells 
exist,  for  the  most  part  arranged  in  a  circular  coat,  which  is  best 
developed  in  the  small  tubes  (Fig.  134,  b).  As  we  pass  from 
the  large  to  the  smaller  bronchi  the  walls  become  thinner  and 
less  rigid,  and  the  cartilaginous  plates  and  fibrous  tissue  gradually 
diminish,  while  on  the  other  hand  the  muscular  and  elastic  ele- 
ments become  relatively  more  abundant. 

3.  The  Chest  Wall. — The  thorax,  in  which  the  lungs  are 
placed,  is  a  bony  framework,  the  dimensions  of  which  can  be 
altered  by  the  muscles  which  close  in  and  complete  the  cavity. 

The  framework  is  a  rounded  blunt  cone  composed  of  a  set  of 
bony  hoops,  the  ribs,  attached  by  joints  to  a  bent  pliable  pillar, 
the  vertebral  column,  and  held  together  in  front  by  the  sternum, 
to  which  they  are  attached  by  resilient  cartilaginous  springs. 
The  ribs  slope  downward  and  forward,  an$l  are  more  or  less 
twisted  on  themselves  about  the  middle  of  the  shaft. 

The  first  pair  of  ribs,  which  encircles  the  apex  of  the  thoracic 
cone,  forms  part  of  a  short  flattened  hoop.     It  slopes  downward 
in  front  to  reach  the  sternum.     Each  succeeding  rib,  from  above,  ■ 
increases  in  the  amount  of  its  slope  downward  and  forward,  and 
in  the  obliquity  of  its  shaft. 

The  floor  of  the  thorax  is  formed  by  a  dome-shaped  muscle, 
the  diaphragm,  which  bulges  with  its  convex  side  into  the  cavity 
and  separates  the  thoracic  from  the  abdominal  viscera.  The 
upper  outlet  is  closed  around  the  trachea  by  several  muscles, 
which  pass  obliquely  upward  from  the  upper  part  of  the  thorax 
to  the  cervical  vertebree,  and  hold  that  part  of  the  chest  in  posi- 
tion.    These  muscles  can  elevate  as  well  as  fix  the  first  rib,  as 
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Fig.  135. 


will  be  seen  when  speaking  of  the  muscles  in  detail.  The  inter- 
vals between  the  ribs  are  filled  up  by  two  sets  of  muscular  fibers, 
which  cross  one  another  at  right  angles, 
and  are  attached  to  the  margins  of  the  neigh- 
boring ribs. 

The  base  of  the  thorax  is  connected  by  a 
number  of  strong  muscles  with  the  pelvis 
and  the  spine,  whence  they  pass  upward  to 
the  lower  ribs.  The  anterior  muscles  pull 
down  the  sternum  and  anterior  part  of  the 
ribs.  The  posterior  fix  and  extend  the  last 
rib. 

From  a  mechanical  point  of  view  the 
thorax  may  be  regarded  as  a  specially  ar- 
ranged bellows,  the  dimensions  of  which 
can  be  increased  in  all  directions. 

Within  this  bellows  are  the  lungs,  which 
may  be  looked  .upon  as  elastic  bags,  the 
interiors  of  which  communicate  with  the 
outer  air  by  an  air  pipe,  the  only  way  by 
which  the  atmosphere  can  reach  the  interior 
of  the  bellows.  When  the  framework  en- 
larges, the  pressure  of  the  atmosphere  forces 
a  stream  of  air  into  the  elastic  sac,  so  as  to 
distend  it,  and  thus  fill  the  space  caused  by 
the  expansion  of  the  framework. 

By  the    motions    of  the   framework  a 
stream  of  air  passes  in  or  out  of  the  sac  ;  a 
small  quantity  of  air  in  the  bronchi  is  thus  changed  at  each 
breath,  and  a  certain  standard  of  purity  kept  up. 

In  order  to  fully  understand  the  motions  by  which  the  thorax 
is  enlarged,  a  more  detailed  knowledge  of  the  anatomy  of  the 
bony  case  and  its  muscles  than  can  be  given  here  must  be 
acquired. 

III.  Respiratory  Movements. 
Physiologically  the  movements  of  the  thorax  are  divided  into 
two  sets — (i)  those  which  enlarge  the  thoracic  cavity,  and  cause 


Drawing  of  the  Lateral 
View  of  Thorax  in  the 
Position  of  Gentle  Inspira- 
tion, showing  the  down- 
ward slope  of  the  ribs. 
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the  air  to  rush  into  the  lungs,  called  inspiration;  and  (2),  those 
which  diminish  the  size  of  the  thorax  and  force  out  the  air,  called 
expiration. 

No  action  of  life  is  more  familiar  than  the  rhythmical  move- 
ments of  respiration.  The  slow  quiet  rise  and  fall  of  the  chest 
and  abdomen  are  the  signs  most  commonly  sought  as  indicative 
of  life  ;  for  every  one  knows  that  constant  ventilation  must  go  on 
in  order  that  the  blood  may  readily  obtain  the  necessary  amount 
of  oxygen,  and  get  rid  of  carbonic  acid  gas,  the  ordinary  diffu- 
sion that  takes  place  in  the  motionless  chest  being  quite  insuf- 
ficient to  remove  the  heavy  carbonic  acid  gas  from  the  lungs. 

The  rhythm  of  the  respiratory  movements  may  be  represented 
graphically  by  recording  the  changes  in  the  diameter  or  circum- 
ference of  the  thorax,  the  movements  of  the  diaphragm,  or  the 
variations  of  the  pressure  in  the  air  passages.  These  methods, 
though  not  quite  reliable,  give  curves  of  a  similar  character. 

The  rate  of  the  respiratory  movements  is,  up  to  a  certain  point, 
under  voluntary  control,  and  may  be  varied  by  the  will,  or 
stopped,  as  when  one  holds  one's  breath. 

The  voluntary  control  of  the  respiratory  movements  is,  how- 
ever, limited,  for  if  we  hold  our  breath  for  any  length  of  time, 
a  moment  soon  arrives  when  the  "necessity  of  respiration" 
overcomes  the  strongest  will.  The  usual  respiratory  movements 
are  carried  on  without  our  being  conscious  of  them,  and  are 
strictly  involuntary. 

The  rate  of  the  respiratory  movements  varies  according  to 
circumstances,  being  in  an  adult  man  about  18  per  minute;  in 
most  of  the  lower  animals  it  is  much  more  rapid.  It  varies  with 
age,  being  very  rapid  at  birth,  decreasing  slowly  to  about  30, 
and  slightly  rising  toward  old  age.  The  following  Table 
"(Quetelet)  illustrates  this: — 

A  new-born  infant  respires  44  times  per  minnte. 
26 


15-20 

cai  a      .      . 

"     20 

20-25 

25-30 
30-60 

(( 
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"      18.7 
«      16 
"      18.1 

Muscular  exercise  increases  the  rapidity  of  the  respiratory 
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movements,  and,  consequently,  the  effort  of  standing  produces 
a  more  frequent  respiration  than  is  found  in  the  recumbent 
posture.  Emotions  variously  affect  the  rate  and  rhythm  of  the 
inspiration  and  expiration  {_e.g.,  sighing)  ;  and,  finally,  morbid 
conditions  implicating  the  lungs  usually  cause  a  greater  fre- 
quency of  respiration,  sometimes  attaining  a  rate  of  as  many  as 
60-70  respirations  per  minute. 

Inspiration. 

The  thorax  is  enlarged  in  all  directions  during  inspiration, 
the  motion  being  usually  referred  to  the  vertical,  transverse, 
and  antero-posterior  diameters  respectively. 

The  vertical  diameter  is  increased  by  the  descent  of  the 
lateral  portions  of  the  diaphragm,  and  the  slight  elevation  of 
the  parts  about  the  apex. 

The  lateral  diameter  is  widened  by  the  side-droop  of  the  ribs 
being  lessened ;  each  rib  is  rotated  upward  upon  the  line  unit- 
ing its  extremities,  and  thus  its  lateral  part  is  moved  upward 
and  outward. 

The  antero-posterior  diameter  is  enlarged  by  the  general 
elevation  of  the  ribs  and  sternum ;  the  anterior  extremities  of 
the  ribs  being  drawn  up  from  their  general  downward  incline, 
push  the  sternum  forward. 

The  movements  of  the  diaphragm  depress  the  abdominal 
viscera  lying  beneath  it,  and  thereby  distend  the  elastic  abdom- 
inal wall  and  compress  the  gases  contained  in  the  intestines. 
Thus  the  diaphragmatic  movements  cause  a  rhythmical  heaving 
of  the  abdomen.  Respiration  depending  chiefly  on  the  action 
of  this  one  muscle  is  therefore  spoken  of  as  abdominal  respira- 
tion. On  the  other  hand,  when  the  ribs  are  the  chief  cause  of 
expansion  of  the  upper  parts  of  the  chest,  it  is  called  thoracic  or 
costal  respiration. 

These  two  types  of  respiratory  movements  may  be  imitated 
voluntarily,  and  are  variously  combined  in  different  individuals 
during  ordinary  respiration,  and  in  the  same  individual  under 
different  circumstances. 

In  men  the  general  character  of  the  ordinary  quiet  respira- 
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tion  is  abdominal,  the  movement  of  the  thorax  being  insignifi- 
cant in  comparison  with  that  of  the  abdomen. 

In  women  the  reverse  is  the  case ;  the  abdominal  movements 
are  slight  when  compared  with  those  of  the  upper  part  of  the 
thorax.  This  difference  is  only  well  marked  during  quiet 
unconscious  breathing ;  any  forced  or  voluntary  respiratory 
effort  changes  the  typical  character  of  man's  breathing,  and 
the  costal  movements  become  more  prominent.  In  a  forced 
deep  inspiration  the  upper  part  of  the  chest  shows  the  greatest 
increase  in  the  antero-posterior  diameter  in  both  sexes. 

This  difference  in  type  between  male  and  female  respiratory 
movements  has  been  ascribed  to  different  causes.  The  most 
common  of  these  is  the  change  brought  about  by  the  costume 
ordinarily  adopted  by  females.  This  can  hardly  be  an  adequate 
'  explanation  of  the  phenomenon,  for  we  find  the  same  type  exist- 
ing when  the  tight  garments  are  removed,  and  it  is  apparent  in 
those  who  have  never  been  constricted  by  tight  clothing,  and 
even  in  cases  where  no  clothing  has  been  used,  as  among  the 
inhabitants  of  hot  countries;  so  that,  though  the  corset  may 
induce  an  exaggeration  of  the  costal  respiration,  by  constricting 
the  lower  ribs  and  interfering  with  the  action  of  the  diaphragm, 
it  does  not  seem  sufficiently  to  account  for  the  normal  costal 
type  of  breathing  found  in  women. 

The  occasional  distention  of  the  abdomen  during  pregnancy 
has  also  been  assigned  as  a  cause  of  the  female  type  of  breath- 
ing, but  it  is  very  unlikely  that  pregnancy  is  the  sole  agency  in 
producing  it,  since  in  childhood  the  costal  type  is  marked  in 
both  sexes.  That  this  type  of  breathing  should  be  transmitted 
more  markedly  to  females  from  our  female  ancestors  is  however 
quite  possible.  It  is  probable  that  the  abdominal  breathing  of 
the  male  is  also  increased  by  hereditary  transmission,  but  is 
originally  due  to  the  gradual  increase  in  the  development  of  the 
muscles  of  the  upper  extremities  in  males,  causing  a  greater  fixed- 
ness of  the  upper  ribs  from  which  they  take  origin. 

Muscles  of  Inspiration. — The  act  of  inspiration  is  not 
performed  by  any  single  muscle  ;  indeed,  even  the  most  gentle 
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Fig  J36. 


I. 


2. 


and  quiet  inspiration  requires  the  coordinated  action  of  many- 
sets  of  muscles.  Most  of  the  muscles  have  other  duties  to  per- 
form besides  helping  to  produce  respiratory  movements. 

The  following  are  inspiratory  in 
function : — 

The  Diaphragm  with  its  acces- 
sory quadratus  lumborum,  fix- 
ing its  origin  from  the  last  rib. 
The  Levatores  costarum  (in- 
cluding the  scaleni)  with  their 
accessory  intercostals,  acting 
chiefly  as  regulators. 
3.  The  Serratus  posticus  superior 
and  the  deep  spinal  muscles., 
The    Diaphragm    is    the    most 
important  inspiratory^  muscle.     It 
is  the  only  one  which  unaided  can 
keep  up  the  necessary  thoracic  ven- 
tilation, and  in  injury  of  the  spinal 
cord,  owing  to  its  isolated  nervous 
supply,    the    diaphragm    may    be 
called  upon  to  do  all  the  inspira- 
tory work. 

During  ordinary  quiet  breathing 
in  the  male  it  does  the  greater  share  of  inspiration. 

When  not  in  action,  the  edges  of  the  muscular  sheets  of  the 
diaphragm  lie  in  direct  contact  with  the  inner  surface  of  the 
lower  costal  part  of  the  thoracic  wall,  and  the  other,  d,  is  higher 
than  the  central  tendon  which  forms  the  floor  of  the  pericardium, 
and  is  fixed  in  one  position.  During  inspiration  these  lateral 
parts  are  separated  from  the  ribs  and  drawn  below  the  level  of 
the  central  tendon  by  the  contraction  of  the  muscular  fibers. 
The  separation  is  aided  by  the  abduction  of  the  floating  ribs, 
which  is  accomplished  by  the  quadratus  lumborum  and  the  deep 
dorsal  muscles. 

In  order  that  the  diaphragm  may  act  to  the  best  advantage, 
it  is  necessary  that    its   attachments  be   fixed   by   the   other 


Diagram  of  a  Section  made  Vertically 
from  side  to  side  through  the  Thora- 
cic and  Fart  of  the  Abdominal  Cavi- 
ties to  show  the  position  of  the  dia- 
phragm, which  is  indicated  by  the 
dark  line,  d  d,  placed  on  the  parts 
of  the  muscle  that  descend  in  inspi- 
ration. 

i»,  pericardial  cavity ;  l,  liver ;  s, 
stomach ;  r,  roots  of  lun^  cut 
through. 
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muscles ;  for  when  the  quadratus  lumborum,  levatores,  and  other 

fixing  muscles  are  not  acting,  the  lower  floating  ribs  are  drawn 

in  by  the  diaphragm,  and  the  power  of  that  muscle  is  much 

diminished  by  the  approximation  of 

its  attachments.     This  may  be  seen  in 

spinal  injuries  when  the  inspiration  is 

carried   on  by  the  diaphragm  alone. 

In  these  cases  a  circular  furrow  marks 

the  line  of  attachment  of  the  muscle 

to  the  lower  ribs  and  their  cartilages, 

which  are  drawn  inward  during  each 

inspiration,  the  breathing  being,   of 

course,  purely  abdominal  in  type. 

The   Quadratus  Lumborum,  which 

Diagram  showing  interval  between  f.  ,-,  i    •      ,       ^i       i      ,     -i 

the  position  of  the  diaphragm  in     passes  from  the  pelvis  to  the  last  rib, 

expiration, «,  ^,  and  inspiration,       .  i,      'j         it.  t*  ■  -j       r  ^i. 

i,z.  The  increase  in  capacity     nas,  besides  the  actiou  lu  aid  of  the 
is  shown  by  the  white  areas.         diaphragm  just  mentioned,  the  power 

of  drawing  down  the  lower  outlet  of  the  thorax,  in  which  it  is 
helped  by  other  abdominal  and  dorsal  muscles.  In  this  action 
it  may  be  regarded  as  the  antagonist  of  the  next  group. 

The  Scaleni  muscles,  which  pass  down  from  the  lateral  aspects 
of  the  cervical  vertebrae  to  the  first  two  ribs,  which  they  raise  so 
as  to  draw  up  the  upper  outlet  of  the  thorax.  The  quadratus 
and  scaleni  muscles  thus  act  upon  the  thorax  in  the  same  way  as 
the  hands  in  extending  a  concertina. 

The  Levatores  Costarum  are  small  muscles,  but  on  account  of 
their  number  their  aggregate  force  is  much  greater  than  is  com- 
monly thought.  They  are  short,  thick  muscles,  which  pass 
obliquely  downward  and  outward  from  the  transverse  processes 
of  the  dorsal  vertebrae  to  the  angle  of  the  ribs.  Their  only 
action  is  to  raise  the  angle  of  the  ribs,  and  thus  diminish  their 
anterior  and  lateral  downward  slopes ;  by  so  doing  they  increase 
the  intervals  between  the  ribs  and  enlarge  the  lateral  and  the 
antero-posterior  diameters  of  the  chest.  Thus  they  are  purely 
muscles  of  inspiration,  and  probably,  acting  with  the  diaphragm 
and  the  scaleni,  are  the  chief  workers  in  ordinary  breathing. 

The  Intercostals  produce  various  effects  on  the  ribs,  according 
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to  the  different  sets  of  muscles  with  which  they  act  in  associa- 
tion. They  never  act  alone,  and  it  is  therefore  idle  to  try  to 
ascribe  to  them  any  constant  specific  inspiratory  or  expiratory 
action.  Generally  speaking,  the  intercostals  approximate  the 
ribs,  and  by  this  action  they 
stiffen  the  thoracic  wall  and 
help  to  elevate  the  thorax  when 
its  upper  part  is  fixed,  or,  when 
its  lower  part  is  fixed,  to  de- 
press it. 

Now,  if  both  the  upper  and 
lower  margins  of  the  thorax  be 
held  firmly  by  strong  muscles, 
as  really  occurs  in  inspiration 
— from  the  action  of  the  quad- 
ratus  and  scaleni — the  intercos- 
tals cannot  approximate  the 
ribs.  Under  these  circum- 
stances the  results  which  fol- 
low their  contraction  will  be 
twofold,  viz.  :  (i)  the  ster- 
num will  be  pushed  forward,  and  the  antero-posterior  diameter 
of  the  thorax  thus  increased  ;  and  (2)  the  spaces  between  the 
ribs,  which  are  widened  by  the  other  muscles,  are  kept  rigid  and 
prevented:  from  sinking  inward  when  the  intra-thoracic  pressure 
falls.  When  acting  with  the  elevators  of  the  ribs  both  inter- 
costal layers  of  muscle  have  an  inspiratory  effect.  But  when  the 
elevators  of  the  ribs  are  passive  the  intercostals,  acting  with  the 
anterior  abdominal  muscles,  draw  down  the  ribs  and  act  as  mus- 
cles of  expiration. 

The  force  of  the  little  superior  serratus  posticus  muscle  is  not 
great,  but  the  deep  muscles  of  the  back  have  more  influence  on 
inspiration  than  is  generally  ascribed  to  them.  The  scaleni,  in- 
tercostals, and  quadratus  lumborum,  acting  together,  tend  to 
bend  the  spine  forward.  In  this  they  are  opposed  by  the  dorsal 
muscles,  which  straighten  the  spine,  and  thereby  help  the  scaleni 
to  elevate  the  ribs,  and  tend  to  widen  the  intervals  between  them. 
30 


View  from  Behind  of  Four  Dorsal  Vertebrae 
and  Three  Attached  Ribs,  showing  the  at- 
tachment of  the  elevator  muscles  of  the 
ribs  and  the  intercostals.  {Allen  Thovi- 
son,) 

i,  long  and  short  elevators  ;  2,  external  inter- 
costal ;  3,  internal  intercostal, 
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This  straightening  of  the  dorsal  curve  occurs  in  quiet  breathing, 
and  has  a  still  more  important  inspiratory  influence  in  forced 
inspiration.  Owing  to  the  ribs  being  fixed  to  the  sternum  in 
front,  they  can  only  be  separated  laterally,  so  th6  ribs  and 
sternum  are  raised  together,  when  the  dorsal  curve  is  lessened. 
In  this  action  the  intercostals  are  particularly  useful ;  by  holding 
the  ribs  together  they  push  forward  the  sternum  and  help  the 
spinal  muscles  to  enlarge  the  thorax. 

Extraordinary  Muscles  of  Inspiration. — For  forced  breathing 
a  great  number  of  muscles  are  called  into  play  during  the  inspira- 
tory effort,  as  may  be  seen  during  pathological  occlusion  of  the 
air-passages,  where  all  the  thoracic,  cervical,  facial,  abdominal 
muscles,  and  even  the  muscles  of  the  extremities,  are  one  after 
another  thrown  into  a  recurring  spasm  before  suffocation  ends 
the  patient's  life. 

Among  the  muscles  which  lend  their  aid  when  more  energetic 
inspiratory  movements  are  required  may  be  mentioned  the 
sterno-mastoid,  which  helps  the  scaleni  to  elevate  the  front  of  the 
thoracic  wall ;  the /if^^i^rrt/ muscles  and  the  great  serraius,  which 
assist  when  the  arms  are  fixed. 

Expiration. 

During  quiet  breathing  expiration  requires-  no  muscular  effort, 
the  expulsion  of  the  air  from  the  chest  being  accomplished  by 
the  elasticity  of  the  parts. 

A  powerful  expiratory  force  is  the  elasticity  of  the  lungs,  which 
are  on  the  stretch  even  after  a  forced  expiration,  and  when  dis- 
tended by  inspiration  are  capable  of  exerting  considerable  trac- 
tion on  the  thoracic  wall. 

The  ordinary  shape  of  the  elastic  walls  of  the  thorax  when  the 
muscles  are  not  acting  corresponds  with  the  position  at  the  end 
of  gentle  expiration  ;  therefore  the  resiliency  of  the  muscles, 
costal  cartilages,  and  other  elastic  tissues  which  are  stretched 
during  inspiration,  tends  to  restore  the  ribs  to  the  position  of 
expiration. 

The  weight  of  the  thorax  itself,  and  the  elastic  gases  in  the 
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Fig.  139. 


intestinal  tract  which  have  been  compressed  by  the  diaphragm, 
may  also  help  in  expiration. 

After  death,  when  the  elasticity  of  the  expiratory  muscles  is 
lost,  the  traction  exerted  by  the 
lungs  on  the  thorax  reduces  it 
below  the  size  its  own  elastic  equi- 
librium would  tend  to  assume; 
when,  therefore,  air  is  admitted 
to  the  pleural  cavity  by  puncture, 
the  thorax  expands  slightly  as  the 
lungs  shrink,  and  the  pressure  on 
the  pleural  surface  becomes  equal 
to  that  within  the  bronchi. 

In  forced  expiration,  or  when 
the  air  is  used  during  expiration 
for  any  purpose,  such  as  the  pro- 
duction of  voice,  or  any  blowing 
movement,  a  number  of  muscles 
are  called  into  action.  The  only 
muscles  that  could  be  called  ex- 
clusively special  muscles  of  ex- 
piration are  the  weak  triangu- 
laris sierni,  serratus  posticus  in- 
ferior, and  parts  of  the  inter- 
costals;  but  in  all  violent  and 
forcible  expiratory  efforts  >these 
are  aided  by  the  abdominal  muscles  forming  the  anterior  wall  ot 
the  abdomen,  which,  associated  with  the  intercostals  and  quad- 
ratus  Imnborum,  are  the  most  powerful  agents  in  drawing  down 
the  thoracic  walls  and  expelling  the  air. 


Shows  the  Position  of  the  Ribs  and  the 
Spinal  Column  in  Normal  Form  of  the 
Thorax^  z.  e.,  that  assumed  in  inspira- 
tion. 


Modified  Movements  of  Respiration. 

Besides  the  ordinary  respiratory  motions  and  the  voluntary 
modifications  made  use  of  in  speaking,  singing,  etc.,  the  muscles 
of  respiration  perform  a  series  of  movements  of  an  involuntary 
reflex  nature,  indicative  of  certain  emotions  and  mental  states. 

They  will  be  seen  to  resemble  each  other  in  the  mechanism  of 
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their  production,    though   differing   essentially  in   expression. 
The  following  are  the  more  important : — 

Coughing  is  caused  by  a  stimulus  applied  to  certain  parts  of 
the  air  passages,  but  more  particularly  to  the  larynx ;  the  stimu- 
lus passing  along  the  superior  laryngeal  branch  of  the  pneumo- 
gastric.  It  consists  of  a  deep  inspiration,  closure  of  the  glottis, 
and  then  a  more  or  less  violent  expiratory  effort,  accompanied 
by  two,  three,  or  more  sudden  openings  and  closures  of  the 
glottis,  so  that  rapidly  repeated  blasts  of  air  pass  through  the 
upper  air  passages  and  mouth,  which  is  generally  held  open. 

Sneezing  is  caused  by  a  stimulus  applied  to  the  nose  or  eyes, 
the  impulses  being  carried  to  the  respiratory  center  by  the  nasal 
and  other  branches  of  the  fifth  nerve.  It  consists  of  a  deep 
inspiration  and  closure  of  the  glottis,  follo'wed  by  a  single 
explosive  expiration  and  sudden  opening  of  the  glottis  and  pos- 
terior nares,  and  facial  distortion. 

Sneezing  is  a  purely  reflex  act,  since  it  is  impossible  to  pro- 
duce it  voluntarily,  except  indirectly  by  the  stimulation  of  the 
nasal  mucous  membrane  with  some  irritating  substance. 

Laughing  consists  of  a  full  inspiration,  followed  by  a  long 
series  of  very  short,  rapid  expiratory  efforts.  The  facial  muscles 
are  at  the  same  time  thrown  into  a  characteristic  set  of  move- 
ments. 

Crying  is  made  up  of  a  series  of  short,  sudden  expirations, 
accompanied  by  peculiar  facial  contortions,  lachrymal  secretion, 
and  usually  associated  with  the  following : 

Sobbing  consists  of  a  rapid  series  of  convulsive  inspiratory 
efforts,  causing  but  little  air  to  enter  the  chest,  followed  by  one 
long  expiration. 

Sighing  is  a  long,  slow  inspiration,  quickly  followed  by  a  cor- 
responding expiration. 

Yawning  is  a  very  long,  deep  inspiration,  completely  filling 
the  chest.  It  is  accompanied  by  a  peculiar  depression  of  the 
lower  jaw,  wide  open  mouth,  facial  movements,  and  commonly 
stretching  of  the  limbs. 

Hiccough  is  an  unexpected  inspiratory  spasm,  chiefly  of  the 
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diaphragm,  the  entrance  of  the  air  being  checked  by  the  sudden 
closure  of  the  glottis. 

Function  of  the  Pleura. 

From  what  has  been  already  said,  it  is  obvious  that  by  far  the 
greatest  amount  of  inspiratory  enlargement  takes  place  in  the 
lower  part  of  the  thorax,  while  the  capacity  of  the  apex  changes 
but  little.  The  increase  of  capacity  in  the  chest  during  inspira- 
tion takes  place  practically  between  the  costal  wall  and  the 
diaphragm  (compare  Figs.  134,  135).  If  the  lungs  and  the  walls 
of  the  thorax  were  fused  together,  without  the  interposition  of 
serous  membranes,  the  different  parts  of  the  lungs  would  have  to 
follow  directly  the  movements  of  that  part  of  the  thorax  to 
which  they  are  attached.  Thus  the  lower  parts  of  the  lungs 
would  be  much  distended  during  inspiration,  and  the  apices 
would  expand  but  little.  This  condition  is  found  when  disease 
of  the  pleura  leads  to  adhesion  of  the  visceral  and  parietal  layers. 
When  such  cases  live  for  some  time  and  the  adhesions  persist, 
the  air  cells  of  the  lower  margins  of  the  lungs  are  commonly 
found  to  be  distended  and  bloodless  (J.  e.,  local  emphysema 
from  habitual  over-distention) ;  while,  on  the  other  hand,  the 
apices  become  abnormally  dense  and  the  alveoli  are  contracted 
and  airless. 

But  normally  the  pleural  lining  of  the  thorax  prevents  this 
unequal  distention  of  the  lungs.  The  surface  of  the  soft,  elastic 
lung  tissue  is  quite  free,  being  incased  in  a  serous  membrane, 
the  smooth  surface  of  which  can  slide  uninterruptedly  and  freely 
over  the  similar  lining  of  the  costal  wall.  That  this  motion  of 
the  lung  actually  occurs  may  be  seen  from  watching  the  lung 
through  the  exposed  parietal  pleura,  or  recognized  by  studying 
the  sounds  produced  by  a  roughness  of  the  pleura,  such  as  occurs 
in  inflammation,  when  a  "  friction  sound  "  can  be  detected. 

The  lungs  move  in  a  definite  direction.  From  the  least 
movable  points  of  the  thorax,  namely,  the  apex  and  vertebral 
margin,  they  pass  toward  the  more  movable  inferior  costal  and 
sternal  regions.  In  short,  the  antero-lateral  part  of  the  lungs 
passes  downward  and  forward  to   fill  up  the  gap  made  by  the 
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descent  of  the  diaphragm  and  by  the  passing  of  the  costal  wall 
upward  and  forward. 

The  position  of  the  inferior  margin  of  the  lung  may  be  easily 
recognized  by  percussion  over  the  liver,  and  may  thus  be  shown 
to  move  up  and  .down  with  expiration  and  inspiration  respect- 
ively. By  percussion  we  also  find,  that  the  space  between  the 
two  lungs  in'  front  is  increased  during  expiration  and  diminished 
during  inspiration,  so  that  the  heart  is  more  covered  by  the 
lungs,  and  the-  precordial  dulness  is  decreased  every  time  we 
draw  a  breath. 

By  means  of  this  free  movement  of  the  lungs  in  the  cavities 
lined  by  serous  membrane,  the  atmospheric  pressure  distends 
equally  all  the  air  cells,  whether  they  are  situated  in  the  apex  or 
base  of  the  lung,  and  the  alveoli  are  all  equally  filled  with  air. 

If  the  pleural  cavity  be  brought  into  contact  with  the  air,  either 
by  puncture  of  the  thoracic  walls-  or  by  rupture  of  the  visceral 
pleura,  the  lung,  owing  to  the  great  elasticity  of  its  tissue, 
shrinks  to  very  small  dimensions,  and  the  pleural  cavity  be- 
comes filled  with  air  (pneumothorax). 

If  air  be  admitted  to  both  pleural  cavities  so  as  to  produce 
double  pneumothorax,  death  must  ensue,  for  if  the  opening 
remain  free  the  motions  of  the  thorax  only  alter  the  quantity 
of  air  in  the  pleural  cavity,  and  cannot  ventilate  the  lungs. 
This  demonstrates  the  important  fact  that  it  is  the  atmospheric 
pressure  which,  having  access  to  them  only  through  the  trachea 
maintains  the  distention  of  the  elastic  lungs  and  keeps  them 
pressed  against  the  wall  of  the  thorax. 

The  power  with  which  the  lungs  can  contract  when  the 
atmospheric;  pressure  is  admitted  to  the  pleura  has  been  found 
after. death,. without  inflation,  to  be  four  millimeters  of  mercury, 
which  is  undoubtedly  much  below  the  pressure  exerted  during 
life,  when  the  smooth  muscle  of  the  bronchi  is  acting  and  the 
tubes  are  free  from  mucus,  which  rapidly  collects  in  the  minute 
air-tubes  at  death  and  impedes  the  outflow  of  air. 

When  the  lungs  are  inflated  before  the  pleura  is  opened,  the 
pressure  can  easily  be  made  to  rise  to  nearly  i^  inches  (30  mm. 
mercury). 
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From  this  it  would  appear  probable  that  when  the  lungs  are 
stretched  by  inspiration,  they  exert  a  negative  pressure  equal  to  30 
mm.  J  and  when  the  lungs  are  in  a  position  of  expiration,  they 
still  tend  to  contract  with  a  force  of,  at  the  very  least,  6mm. 
mercury. 

Movements   of  the  Air. 

Volumes.. — During  ordinary  respiration  the  volume  of  the 
inspiratory  and"  expiratory  stream  of  air  is  surprisingly  small 
when  compared  with  the  volume  of  air  sojourning  in  the  lungs. 

After  an  ordinary  expiratory  act  -  we  can  force  out  a  great 
quantity  of  air  by  a  voluntary  effort ;  but  even  after  this  is  got  rid 
of  the  lungs  are  still  well  filled.  Some  of  this  residual  sivc,  which 
never  leaves  the  chest  during  the  life  of  the  animal,  is  pressed 
out  by  the  elasticity  of  the  lungs  when  the  pleura  is  opened. 
But  a  certain  amount  of  air  cannot  be  removed  in  any  way  from 
the  alveoli.  Even  when  the  lung  is  cut  out  of  the  chest  and 
divided  into  pieces,  enough  air  is  retained  in  the  air-cells  to 
render  it  buoyant.  This  fact  is  relied  on  by  medical  jurists  as 
an  evidence  that  an  infant  has  been  born  alive  and  distended  its 
lungs  with  air,  for  except  breathing  has  been  well  established, 
the  tolerably  fresh  lung  of  an  infant  will  sink  in  water. 

In  order  to  have  a  clear  idea  of  the  volumes  of  air  at  rest  and 
in  motion  during  pulmonary  ventilation,  it  is  convenient  to 
follow  the  classification  from  which  the  nomenclature  in  common 
use  has  been  borrowed. 

Tidal  air  is  the  current  which  passes  in  and  out  of  the  air 
passages  in  quiet  natural  breathing.  It-a.mounts  to  about  500 
c.c.  (30  cubic  inches). 

Reserve  air  Ys,  \}!\s.'i  volume  which  can  be  voluntarily  emitted 
after  the  end  of  a  normal  AV/a/ expiration,  and  which,  therefore, 
during  ordinary  respiration  remains  in  the  lungs  ;  it  is  estimated 
at  about  1500  c.  c.  (or  nearly  100  cubic  inches). 

Complemenial  air  is  that  which  can  be  voluntarily  taken  in 
aftet  an  ordinary  inspiration  by  a  forced  inspiration  ;  it  also 
amounts  to  about  1500  c.  c,  but  is  not  used  during  ordinary 
breathing. 


358  MANUAL   OF   PHYSIOLOGY. 

Residual  air  is  the  volume  which  remains  in  the  lungs  after  a 
forced  expiration,  that  is  to  say,  which  no  voluntary  effort  can 
remove  from  the  lungs;  it  includes  the  air  which  leaves  the 
lungs  when  the  pleura  is  opened  after  death,  and  the  air  which 
persistently  remains  in  them  after  they  have  collapsed.  This 
amounts  to  about  2000  c.  c.  (or  about  120  cubic  inches). 

Vital  capacity  is  a  term  meaning  the  greatest  amount  of  air  that 
can  be  emitted  by  a  forced  expiration  immediately  following  a 
forced  inspiration,  so  that  it  equals  the  sum  of  the  tidal,  reserve, 
and  complemental  air.  The  vital  capacity  is  estimated  by  spiro- 
meters of  different  kinds,  and  gives  an  approximate  measurement 
of  (i)  the  capacity  of  the  chest;  (2)  the  power  of  the  respira- 
tory muscles ;  (3)  the  resistance  offered  by  the  elasticity  or  rigid- 
ity of  the  walls  of  the  thorax ;  (4)  the  working  capacity  of  the 
lungs,  i.  e.,  their  extensibility  or  freedom  from  disease.  It  there- 
fore varies  greatly  according  to  the  age,  sex,  position  of  the 
body,  the  occupation,  weight,  height,  the  fulness  of  the  hollow 
viscera  of  the  abdomen,  and  the  pathological  condition  of  the 
lungs.  It  can  be  much  increased  by  practice,  and  this  fact,  apart 
from  the  injury  forced  respirations  may  produce  in  a  morbid  state 
of  the  lung,  renders  it  inapplicable  as  a  gauge  of  progressive 
pulmonary  disease. 

Pressure  Differences  in  the  Air  Passages. — The  im- 
mediate effect  of  the  increase  in  capacity  of  the  chest  is,  that  a 
pressure  difference  is  established  between  the  interior  of  the 
thoracic  cavity  and  the  atmosphere. 

The  change  in  pressure  produced  in  the  lungs  and  air  passages 
is  very  slight  during  ordinary  quiet  breathing  with  free  air 
passages.  But  the  least  impediment  to  the  entrance  or  to  the 
exit  of  the  air  at  once  makes  the  difference  very  noticeable. 

It  is  difficult  to  obtain  an  accurate  experimental  estimate  of 
the  variations  in  the  pressures  in  different  parts  of  the  air 
passages  during  quiet  breathing,  because  even  the  most  careful 
attempt  to  measure  the  pressure  causes  an  impediment  which  is 
still  further  magnified  by  the  sensitive  muscular  mechanism  of 
the  air  passages. 
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The  variations  in  pressure  occurring  in  the  pulmonary  air  are 
greatest  in  the  alveoli,  and  gradually  diminish  toward  the  larger 
air  tubes,  so  that  they  disappear  at  the  nasal  orifice,  where,  if  no 
impediment  be  placed  in  the  course  of  the  air,  the  pressure  will 
remain  very  nearly  equal  to  that  of  the  atmosphere.  By  con- 
necting one  nostril  with  a  manometer  and  breathing  through  the 
nose  with  the  mouth  shut,  it  can  be  shown  that  inspiration  causes 
a  negative  pressure  of  about  i  mm.  mercury,  and  expiration  a 
positive  pressure  of  2  to  3  mm.  ;  these  results  must  be  divided 
by  two,  since  by  plugging  one  nostril  they  shut  off  half  the  normal 
inlet.  Forced  inspiration  and  expiration  give  respectively  -  5  7 
and  +  87  mm. 

This  great  difference  depends  on  the  elastic  forces  against 
which  the  inspiratory  muscles  act  in  distending  the  thorax,  all  of 
which  assist  in  expiration. 

Diffusion. — From  the  foregoing  it  appears  that  the  volume 
of  air  habitually  sojourning  in  the  lungs  during  natural  respira- 
tion, o\  stationary  air,  is  about  3500  c.c.  (nearly  2 20 cubic  inches), 
while  the  fresh  air  introduced  by  each  inspiration  is  only  a  little 
over  500  c.  c.  (30  cubic  inches),  or,  in  other  words,  about  one- 
seventh  of  the  air  in  the  lungs  is  changed  at  each  breath.  Indeed, 
the  500  c.  c.  of  air  is  only  just  sufficient  to  fill  the  trachea  and 
larger  bronchial  passages,  so  that  the  fresh  air  does  not  reach 
the  pulmonary  alveoli,  or  directly  replace  any  of  the  air  they 
contain.  The  tidal  stream  is,  however,  brought  into  immediate 
relation  with  the  stationary  air,  and  in  the  larger  tubes  the 
thoracic  movements  possibly  help  to  mix  the  two  mechanically. 
But  the  interchange  between  the  fresh  tidal  air  and  the  impure 
alveolar  air  can  only  take  place  by  diffusion.  Diffusion  is  con- 
stantly occurring  between  the  air  of  the  small  tubes  and  the  ter- 
minal sacs,  and  it  alone  .  suffices  to  maintain  the  necessary 
standard  of  purity  in  the  air  of  the  alveoli.  If  the  harmless  gas, 
hydrogen,  be  inhaled  during  one  inspiration,  it  requires  six  to 
ten  respirations  to  get  rid  of  the  impurity  from  the  expired  air. 
From  this  it  has  been  inferred  that  this  number  of  respiratory 
acts  would  be  necessary  to  render  the  air  in  the  alveoli  quite 
31 
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pure,  even  if  no  fresh   impurities   were  allowed   to  enter  from 
the  blood. 

IV.  Respiratory  Sounds. 

As  the  streams  of  air  enter  the  air  passages  and  lungs  they 
produce  sounds  which  are  of  the  greatest  importance  to  the 
physician,  owing  to  the  manner  in  which  they  become  altered 
by  disease. 

A  sound  called  "bronchial  breathing"  is  produced  in  the 
large  bronchi  and  trachea,  and  is  like  the  noise  of  blowing 
through  a  tube.  This  can  normally  be  heard  over  the  trachea,  or 
at  the  back  between  the  shoulder  blades,  over  the  entrance  of 
the  large  bronchi  into  the  root  of  the  lung. 

Another  sound  called  "vesicular  "  can  be  heard  all  over  the 
chest,  being  inost  distinct  where  the  lung  is  most  superficial 
and  where  other  sounds  are  absent,  as  in  the  sub-axillary  region. 
It  is  a  gentle,  rustling  sound,  caused  by  the  air  passing  into  the 
infundibuli.  It  varies  much  with  the  force  of  respiration  and 
many  other  circumstances.  In  children  up  to  ten  or  twelve 
years  of  age  it  is  remarkably  sharp  and  loud,  and  is  called 
"puerile  breathing." 

v.  Nervous  Mechanism  of  Respiration. 

The  movements  of  respiration  go  on  rhythmically  without  any 
voluntary  effort,  and  even  when  we  are  quite  awake  they  occur 
almost  without  our  being  conscious  of  them,  and  repeated 
variations  take  place  in  the  rate,  depth,  and  general  type  of  our 
respirations  without  our  knowledge.  Indeed,  if  this  self-regu- 
lating arrangement  did  not  exist  we  should  have  to  devote  much 
attention  to  adapting  our  respiratory  movements  to  the  ever- 
varying  requirements  of  the  gas  interchange  of  the  blood. 

Like  all  other  groups  of  skeletal  muscles,  those  which  act  on 
the  thorax  are  regulated  by  nerves  and  work  together  in 
harmony.  The  coordinated  movements  are  so  far  under  the 
control  of  the  will  that  either  of  the  two  great  groups  of  mus- 
cles, abdominal  or  thoracic,  may  be  employed  separately  or  in 
conjunction. 
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But  the  respiratory  dififer  from  the  other  skeletal  muscles  in 
that  they  undergo  rhythmical  coordinated  contractions  which 
are  not  directed  by  our  will,  and  can  be  influenced  only  to  a 
certain  extent  by  it,  for  they  cannot  be  made  to  cease  altogether, 
or  be  made  to  work  on  one  side  only. 

The  Respiratory  Center. — The  normal,  rhythmical,  co- 
ordinated movements  of  respiration  are  not  only  brought  about, 
but  are  also  regulated,  by  an  involuntary  nervous  mechanism. 
Since  we  are  unconscious  of  breathing,  it  certainly  is  not 
dependent  on  the  voluntary  centers.  The  upper  parts  of  the 
brain  cannot  be  needed  for  regular  breathing,  since  (i)  animals 
born  with  deficiently  developed  brains  breathe  rhythmically,  and 
(2)  removal  of  the  brain  of  birds,  etc. ,  or  loss  of  voluntary  move- 
ment in  man  (hemiplegia)  causes  no  interruption  of  the  respira- 
tory movements.  Injury  to  the  upper  part  of  the  spinal  cord 
causes  death  by  stopping  respiration.  The  regulating  center 
must  then  be  lower  than  the  cerebral  centers  and  higher  than 
the  cervical  part  of  the  spinal  marrow.  The  direct  evidence  of 
the  seat  of  this  center  was  found  by  Flourens,  who  showed  that  a 
localized  spot  exists  in  the  medulla  oblongata,  injury  of  which 
causes  instant  cessation  of  the  respiratory  movement. 

This  vital  spot,  nceud  vital,  is  situated  in  the  floor  of  the  fourth 
ventricle,  near  the  point  of  the  calamus  scriptorius,  and  is  now 
commonly  spoken  of  as  the  respiratory  center.  It  is  convenient 
to  suppose  that  there  are  two  groups  of  cells,  one  presiding  over 
the  inspiratory,  and  the  other  over  the  expiratory  muscles. 

From  this  center  the  impulses  which  give  rise  to  the  all-im- 
portant respiratory  movements  rhythmically  pass  down  the 
spinal  cord  and  nerves.  So  long  as  the  nervous  communication 
between  the  center  and  the  muscles  is  intact  the  movements  go 
on  with  undisturbed  regularity ;  if  it  be  cut  off,  or  the  center 
be  destroyed,  respiration  instantly  stops. 

Excitation  of  Respiratory  Center. — What  keeps  this  center 
active?  All  the  conditions  of  the  body  which  cause  an 
increased  tissue  change,  i.  e.,  oxidation,  are  accompanied  by 
greater  activity  of  the   respiratory  movements.     From   this  it 
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would  appear  that  there  exists  some  relation  between  the  ac- 
tivity of  the  respiratory  center  and  the  condition  of  the  blood. 
Deficiency  of  oxygen  or  excess  of  carbonic  acid  calls  forth 
increased  action.  One  has  only  to.  hold  one's  breath  as  long 
as  possible,  and  note  the  series  of  rapid  and  deep  respirations 
that  follow,  in  order  to  see  that  respiration  is  influenced  by  a 
deficiency  of  oxygen. 

The  respiratory  center  is  especially  sensitive  to  the  products 
of  muscle  metabolism.  Increased  respiratory  activity,  which  is 
not  accompanied  by  any  detectable  reduction  in  the  oxygen  nor 
by  any  measurable  increase  in  the  carbonic  acid  in  the  blood, 
occurs  when  the  leg  muscles  of  an  animal  are  tetanized. 

Experimentally  it  can  be  shown  that  the  center  is  excited,  in 
a  great  measure,  at  least,  by  the  blood  flowing  through  the 
medulla,  and,  probably,  also  by  the  action  of  the  venous  blood 
circulating  through  distant  organs  and  reflexly  affecting  the 
center.  It  has  also  been  shown  that  the  temperature  of  the 
blood  circulating  through  the  medulla  affects  the  activity  of 
the  center,  for,  if  the  blood  in  the  carotids  be  warmed,  the 
respiratory  movements  become,  more  rapid. 

The  respiratory  center  is  a  good  example  of  what  is  called  an 
"automatic  nerve  center,"  not  depending  for  its  ordinary  exci- 
tation upon  the  arrival  of  nerve  impulses  from  afar,  nor  merely 
reflecting  the  influences  of  other  centers,  but  acquiring  its 
rhythmic  energy  from  its  nutritive  income  and  the  thermal 
condition  of  the  warm  blood  which  flows  through  it. 

So  long  as  the  amount  of  Oj  and  CO2  flowing  through  the 
center  is  kept  up  to  a  certain  standard,  the  normal  excitability 
of  the  center  continues,  and  we  have  natural,  quiet  breathing, 
called  Eupnea.  When  the  waste  products  increase  and  the 
oxygen  falls  below  the  normal  standard,  the  respiratory  center 
becomes  more  excitable,  more  active  movements  are  carried  out, 
and  "  difficulty  of  breathing,"  called  Dyspnea,  is  produced. 

It  is  probable  that  dyspnea  is  produced  by  a  deficiency  in 
oxygen  rather  than  by  an  excess  of  carbonic  acid  gas.  This  is 
proved  by  the  fact  that  it  occurs  when  the  carbon  dioxid  is  re- 
moved from  the  blood  by  breathing  air  which  is  free  from  CO2, 
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and  is  only  deficient  in  oxygen,  and,  secondly,  because  an  excess 
of  CO2  gas  in  the  air  causes  a  drowsy  condition  rather  than  an 
active  dyspnea. 

If  the  theory  that  a  deficiency  of  oxygen  as  the  normal 
stimulus  of  the  respiratory  center  be  correct,  a  superabundant 
quantity  should  diminish  the  activity  of  the  center,  and  a  con- 
dition the  opposite  of  dyspnea  would  be  produced.  This  is 
difficult  to  show  in  natural  breathing,  though  every  one  knows 
the  efficiency  of  taking  a  few  deep  breaths  before  a  dive  into 
water  or  an  attempt  to  hold  the  breath.  With  artificial  breath- 
ing, if  the  movements  be  carried  on  very  energetically  for  some 
time  and  then  be  stopped,  the  animal  will  not  at  first  attempt 
to  breathe,  but  after  a  time,  somewhat  less  than  a  minute, 
gentle  and  slow  respiratory  movements  commence.  This  cessa- 
tion of  breathing,  called  apnea,  depends  upon  the  exhaustion  of 
certain  reflex  (vagus)  mechanisms,  to  be  described  below,  and 
partly  upon  the  blood  being  so  charged  with  oxygen  that  it  acts 
as  a  lesser  stimulus  to  the  center. 

Regulation  of  Respiratory  Rhythm. — Although  the  respiratory 
center  can  act  automatically  and  rhythmically,  yet  it  is  constantly 
affected  by  influences  coming  from  other  parts,  which  reflexly 
modify  the  respiratory  movements,  and  its'normal  rhythm  is 
always  under  the  control  of  reflex  impulses. 

Mental  emotions  variously  influence,  both  the  rate  and  the 
depth  of  breathing,  sometimes .  causing  more  rapid  and  some- 
times slower  respiratory  action.  The  application  of  a  stimulus 
to  almost  any  part  of  the  air  passages  completely  changes  the 
respiratory  rhythm,  as  may  be  seen  by  irritating  the  nasal 
mucous  membrane.  The  ordinary  sensory  nerpes  passing  from 
the  skin  are  also  capable  of  exciting  inspiratory  movements. 
This  is  well  shown  by  the  gasping  that  follows  the  sudden 
application  of  cold  to  the  body.  It  is  along  these  sensory 
nerves  that  one  tries  to  transmit  impulses  by  applying  mechani- 
cal, thermal,  or  other  stimulus  to  the  skin  of  a  new-born  infant 
whose  respiratory  center  is  slow  to  respond  to  the  exciting 
influence  of  venous  blood. 

Vagi. — Experiment  proves  that  most  afferent  nerves  can  affect 
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the  respiratory  centers,  either  by  increasing  or  reducing  their 
activity ;    but  the  special  nerves  which  must  be  regarded  as  the 

Fig.  140. 


Diagram  of  the  Nervous  Mechanisms  of  Respiration.    {After  Ficki) 

Sc,  center  for  inspiratory  movements,  from  which  pass  efferent  channels^  represented  by 
the  continuous  white  line,  o,  to  the  inspiratory  muscles  represented  by  the  diaphragm,  D. 
Ec,  center  for  expiratory  movements,  from  which  efferent  channels,  p'^  pass  down  the 
cord  to  the  muscles  of  expiration,  represented  by  the  abdominal  muscles,  A  Impulses 
may  come  from  the  cerebral  centers,  a,  b,  c,  rf,  to  check  or  excite  the  activity  of  these 
centers.  These  voluntary  impulses  may  be  called  afferent  as  far  as  the  respiratory  cen- 
ters are  concerned.  J;'rom  the  cutaneous  surface,  f,  g,  and  the  nose,  f ,  impulses  arrive 
which  modify  the  action  of  the  inspiratory  center.  From  the  larynx,  G,  come  checking 
impulses,  hy  to  the  inspiratory,  and  exciting  impulses,  z,  to  the  expiratory  center.  And^ 
finally,  from  the  lungs  come  both  exciting  and  inhibiting  impulses,  k,  /,  m,  «,  to  both 
the  expiratory  and  inspiratory  centers.  By  these  latter  channels  the  rhythm  of  prdinaiT; 
breathing  is  regelated. 

normal  regulating  nerves  of  respiration  are  the  vagi,  which  may 
be  called  the  afferent  pulmonary  nerves. 
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Though  section  of  one  vagus  has  little  or  no  effect  on  respira- 
tion, if  the  two  vagi  be  cut  a  marked  change  takes  place  in  the 
respiratory  rhythm.  The  rate  of  the  inspiration  is  reduced  to 
less  than  half  the  normal,  while  each  breath  becomes  deep  and- 
prolonged,  so  that  the  respiratory  function  of  the  lungs  goes  on 
for  some  time  unimpaired,  and  the  hemoglobin  of  the  blood 
receives  the  due  amount  of  oxygen.  Although  the  character  of 
the  breathing  is  completely  changed,  from  the  rapid,  gentle 
motion  of  natural  respiration  to  a  series  of  slow,  deep  gasps,  the 
air  volumes  and  the  chemical  changes  remain  much  the  same  per 
minute.  If  the  central  end  of  the  cut  vagus  be  now  stimulated 
gently,  the  rate  of  the  respiratory  movements  may  again  be 
quickened  to  the  normal.  If  the  stimulus  be  strong,  inspiratory 
spasm  can  be  produced.  Weaker  stimulations  of  the  vagus  may 
call  forth  increased  expiratory  efforts.  And  if  the  central  end 
of  the  cut  superior  laryngeal  branch  of  the  vagus  be  stimulated, 
breathing  becomes  slow,  and  can  be  made  to  cease  in  the  posi- 
tion of  forced  expiration,  or  a  violent  spasm  of  the  laryngeal 
and  expiratory  muscles  follows. 

So  that  in  the  vagus  nerve  fibers  exist  which  convey  impulses 
of  two  kinds  to  the  respiratory  centers ;  the  one  hastens  the 
discharge  of  inspiratory  impulses,  the  other  checks  the  inspira- 
tory movement  and  excites  expiration.  The  marked  change  just 
described  as  occurring  when  the  two  pneumogastrics  are  cut, 
proves  that  these  afferent  influences  are  constantly  at  work 
quickening  the  respiratory  rhythm.  We  may  assume  that  the 
slow,  deep  respirations  which  follow  section  of  the  vagi  are 
caused  by  the  unregulated  automatic  action  of  the  inspiratory 
center.  No  impulse  is  discharged  until  the  venosity  of  the  blood 
in  the  center  arrives  at  a  certain  point,  and  then  the  accumulated 
energy  is  sent  to  the  respiratory  muscles,  and  a  deep,  gasping 
inspiration  occurs,  and  thus  each  respiratory  act  is  called  forth 
by  the  blood  becoming  so  venous  as  to  act  as  a  powerful 
stimulus. 

So  long  as  the  center  is  stimulated  by  the  normal  reflex  regu- 
lating influence  of  the  vagi  this  venous  condition  is  not  allowed 
to  occur,  the  intense  excitation  of  the  center  is  thereby  pre- 
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vented,  and  the  necessary  movements  performed  with  a  minimum 
of  muscle  energy. 

The  exact  mode  of  stimulation  of  the  pulmonary  terminals  of 
the  afferent  fibers  of  the  pneumogastric  is  not  quite  certain.  It  , 
has  been  suggested  that  distention  or  retraction  of  the  lungs  may 
act  as  a  mechanical  stimulus  to  the  nerve  fibers  inhibiting  or 
exciting  the  inspiratory  or  expiratory  centers  respectively.  Each 
expansion  of  the  lungs  thus  calls  forth  reflexly  the  ensuing  relaxa- 
tion, and  the  relaxed  state,  in  its  turn,  induces  reflexly  a  new 
inspiration.  Thus  the  state  of  the  lungs  themselves  guides  the 
thoracic  movements  by  means  of  the  vagi. 

The  expiratory  part  of  the  center  probably  takes  no  part  in 
ordinary  breathing,  but  is  called  into  play  in  dyspnea,  in  vocal 
use  of  the  expiratory  blast  of  air,  and  in  various  modified 
respiratory  movements. 
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CHAPTER  XVII. 

THE  CHEMISTRY  OF  RESPIRATION. 

The  simplest  way  to  investigate  the  study  of  the  gas  inter- 
change that  takes  place  in  the  lungs,  between  the  air  and  the 
blood,  is  to  compare  the  composition  of  the  expired  air  with 
that  of  the  atmosphere,  and  from  the  alteration  found  to  have 
taken  place  during  the  tidal  current  we  arrive  at  the  changes 
which  the  air  undergoes  during  its  journey  in  and  out  of  the  air 
passages,  and  we  then  examine  the  venous  and  arterial  blood  in 
order  to  ascertain  the  changes  the  blood  undergoes  in  becoming 
arterial. 

The  atmosphere  is  made  up  of  a  mixture  of  nitrogen  and 
oxygen  with  a  variable  amount  of  moisture  and  a  minute  pro- 
portion of  carbonic  acid. 

The  following  table  gives  the  volume  *  of  the  gases  in  dried 
air: — 

Oxygen 20.96  per  cent.,  or  about  21  per  cent. 

Nitrogen 79.02         "  "         79        " 

Carbonic  dioxide,  0.02  -  0.06         "  "  4  parts  in  10,000. 

The  amount  of  moisture  contained  in  the  air  is  very  variable, 
and  depends  in  a  great  measure  upon  the  temperature  and  the 
direction  of  the  wind.  The  dampness  of  the  air  depends  upon 
the  temperature,  so  that  air  containing  the  same  absolute  amount 
of  moisture  may  be  relatively  dry  or  damp,  according  as  the 
temperature  rises  or  falls.  As  a  general  rule  the  air  is  relatively 
dry,  that  is  to  say,  it  does  not  contain  so  much  moisture  as  it  is 
capable  of  taking  up  in  the  form  of  aqueous  vapor  at  its 
ordinary  temperature.  At  certain  times  of  the  day  the  air  may 
be  saturated,  owing  to  a  sudden  fall  of  temperature. 


*  On  account  of  the  difference  in  the  atomic  weights,  the  atmospheric  being  only  a 
mechanical  mixture  of  the  gases,  the  proportion  by  weight  is  slightly  different,  being  about 
Oxygen  23  per  cent..  Nitrogen  77  per  cent. 
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The  temperature  of  the  air  which  we  breathe  varies  consider- 
ably, according  to  the  season  of  the  year,  etc.,  but  almost 
always  in  this  country  it  is  lower  than  that  of  our  bodies. 

I.  Changes  the  Air  undergoes  in  the  Air  Passages. 

The  following  are  the  notable  characters  in  the  tidal  air  on 
its  leaving  the  air  passages: — 

1.  It  is  rich  in  CO2,  containing  in  quiet  breathing  on  an 
average  4.38  per  cent,  instead  of  .04  per  cent. 

2.  It  is  poor  in  O2,  containing  about  4.5  percent,  less  than 
the  atmosphere,  /.  e.,  16.46  per  cent. 

3.  A  slight  increase  in  the  amount  of  N  has  been  observed. 

4.  The  temperature  of  the  air  is  approximated  to  that  of  the 
body,  and  it  therefore  commonly  exceeds  the  temperature  of 
the  air  inspired.  The  air  on  leaving  the  air  passages  is  about 
36.5"  C.  This  is  not  much  influenced  by  the  temperature  of 
the  atmosphere,  as  may  be  seen  from  Valentine's  table  :  — 

Temperature  of  the  Atmosphere  and  of  Expired  Air. 

-6.3°  C.  =  +  29.8°  c. 

+  17.0°  C.  =  +  36.2°  c. 

+  44.0°  C.  --  +  38.5°  c. 

It  can  be  seen  from  the  last  statement  that  very  hot  air 
(-|-  44°  C.)  if  breathed,  is  cooled  in  its  transit  through  the  air 
passages. 

5.  In  quiet  breathing  the  expired  air  is  saturated  with 
moisture  ;  in  rapid  breathing  this  is  not  the  case.  It  must  be 
remembered  that  the  air  when  warm  is  capable  of  holding  a 
greater  quantity  of  vapor  than  when  it  was  inspired.  The 
difference  can  be  best  appreciated  in  cold  weather,  when  the 
vapor  of  the  warm  expired  air  is  condensed  on  meeting  the  cold 
atmosphere.  Great  quantities  of  water  and  heat  are  given  off  in 
producing  this  saturation. 

6.  If  the  tidal  air  be  dried  and  cooled  and  measured  at  a 
certain  pressure  before  and  after  respiration,  it  is  found  that 
the  expired  air  has  lost  about  -^  of  its  volume.  But  owing  to 
the  expansion  from  the  increased  temperature  and  the  presence 
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of  the  vapor,  the  volume  of  air  when  expired  is  greater  than 
that  inspired. 

If  the  oxygen  were  all  used  to  make  CO2,  these  volumes  ought 
to  be  the  same,  for  the  volume  of  CO2  is  equal  to  that  of  the  O.^ 
it  contains,  if  set  free.  The  volume  of  COj  given  off  is,  how- 
ever, only  about  4.38,  to  4.5  volumes  of  O2  taken  in,  so  that 
part  of  the  O2  must  be  used  in  sonje  other  way,  viz.,  in  forming 
HjO,  urea,  etc. 

7.  The  expired  air  is  also  said  to  contain  traces  of  the  follow- 
ing impurities  :  (i)  ammonia,  (2)  hydrogen,  (3)  carbureted 
hydrogen  (CH4),  (4)  organic  matter.  These,  and  probably 
other  impurities,  give  the  breath  its  peculiar  odor  and  noxious 
properties,  for  an  atmosphere  rendered  "  stuffy  "  by  expired  air 
is  much  more  injurious  to  health  than  an  atmosphere  in  which  a 
similar  deficiency  of  O2  or  excess  of  COj  had  been  artificially 
produced  by  chemical  means ;  this  fact  ought  to  be  remembered 
when  calculating  the  ventilation  required  for  hygienic  purposes. 
The  following  table  may  assist  in  comparing  the  atmosphere 
with  the"expired  air : — 


Atmosphere. 

Expired  Air. 

Difference. 

CO,,    .   .   . 
Oxygen,  .   . 
Nitrogen,     . 
Temperature, 
Moisture,     . 

.04  per  cent. 
20.81        '' 

79-15       " 
—  6°  C.  —  -(-  25°  C. 
about  10  grms.  to  1 
cubic  meter. 

4.38  per  cent. 
16.03       " 

79-55       " 
29.8°  C— 38.5  C. 
about  40  grms.  to  i  cubic 
meter. 

+  4-34 
—  4.78 

-1-    -40 

Volume,  .    . 

.    .    . 

/Apparently  increased,  ab- 
\     solutelv  reduced  /^yth. 

Impurities,  . 

•    •    • 

f  NH,  H,  CH^,  and  poison- 
\        ous  organic  matter. 

About  -^  of  the  O2  which  is  used  does  not  take  part  in  the 
production  of  the  CO2,  but  this  proportion  may  vary  greatly. 
Thus  the  estimation  of  the  COj  can  give  no  sure  guide  to  the 
amount  of  O,  taken  up ;  and  each  gas  has  to  be  estimated 
separately  if  an  accurate  measurement  be  required. 
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The  average  amount  per  diem  may  be  said  to  be : — 

Carbon  dioxid  given  off,  about 900  grams. 

Oxygen  consumed,  "        750         " 

Water  given  off,  "        500        " 

The  900  grms.  of  COj  contain  about  650  grms.  of  O2,  so  that 
there  is  about  100  grms.  of  Oj  used  in  excess  of  that  necessary 
to  form  COj.  This  leaves  the  body  chiefly  in  combination  with 
H  as  water,  and  also  to  a  very  slight  extent  in  combination 
with  N  as  urea,uric  acid,  etc. 

The  amounts  of  Oj  taken  up  and  of  COj  given  off  differ  in 
different  individuals  and  in  the  same  individuals  under  varying 
circumstances,  among  which  the  following  may  be  enumerated : — 

1.  Increase  in  the  rapidity  or  the  depth  of  respiratory  move- 
ments, accompanied  by  an  increase  in  the  tidal  stream,  produces 
an  increase  of  the  total  amount  of  CO2  given  off,  while  the 
percentage  in  the  volume  of  expired  air  is  diminished. 

2.  It  varies  with  age.  The  amount  increases  with  age  up  to 
thirty  years,  and  then  remains  constant. 

3.  Sex;  is  less  in  women  than  in  men,  but  it  increases  in 
pregnancy. 

4.  With  muscular  activity  it  is  notably  increased. 

5.  Change  of  temperature  of  the  air  has  a  marked  influence 
on  the  CO2  output  of  cold-blooded  animals,  which  is  increased 
in  direct  proportion  to  the  elevation  of  temperature.  The  effect 
on  warm-blooded  animals  is  the  opposite,  so  long  as  they  can 
regulate  their  temperature.  The  sustentation  of  the  body  tem- 
perature in  cold  weather  is  accompanied  by  a  distinct  increase 
in  the  output  of  carbon  dioxid. 

6.  The  time  of  day ;  a  maximum  is  arrived  at  about  midday 
and  a  minimum  about  midnight. 

7.  An  increase  in  the  amojint  of  carbon  dioxid  in  the 
atmosphere  diminishes  the  amount  given  off  from  the  lungs. 

The  ratio, 

vol.  of  COj  eliminated 
vol.  of  O2  absorbed,     • 

is  called  the  "  respiratory  quotient,"  and  this,  as  we  have  seen,  is 
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always  less  than  i.  It  is  nearest  i  in  the  herbivora,  in  some  of 
which  it  is  as  large  as  .9  or  even  more,  and  is  smallest  in  the 
case  of  carnivora,  man  having  an  intermediate  number. 

It  further  varies  very  considerably  at  different  times,  even 
when  experimenting  with  the  same  animal. 

II.  Changes  the  Blood  undergoes  in  the  Lungs. 

In  order  to  understand  how  the  oxygen  and  the  carbonic  acid 
pass  to  and  from  the  blood  in  the  pulmonary  capillaries,  we  must 
know  the  relationship  of  these  gases  to  the  blood  in  the  arterial 
and  venous  sides  of  the  circulation. 

In  the  chapter  on  the  blood  (pp.  254,  259)  it  is  stated  that 
both  the  oxygen  and  the  carbon  dioxid  can  be  removed  from 
the  blood  by  the  mercurial  air-pump,  and  that  the  greater  part 
of  these  gases  are  chemically  united  with  some  of  the  con- 
stituents of  the  blood,  and  that  a  different  quantity  of  each  gas 
is  found  in  arterial  and  venous  blood.  Now  that  we  know  the 
change  from  the  venous  to  the  arterial  condition  to  take  place 
during  the  passage  of  the  blood  through  the  pulmonary  capil- 
laries, where  it  is  exposed  to  the  air,  we  may  assume  that  the 
acquisition  of  oxygen  and  the  loss  of  CO2  form  the  essential, 
difference  between  venous  and  arterial  blood. 

From  either  kind  of  blood  about  60  volumes  of  gas  may  be 
extracted,  with  the  mercurial  gas-pump,  from  every  100  volumes 
of  blood.  The  composition  of  this  gas  varies  considerably  in 
venous,  but  not  very  much  in  arterial  blood.  An  average  is 
given  in  the  following  table  : — 

O  vols,  per  cent.  CO  vols,  per  cent.  N  vols,  per  cent. 

Arterial, 20  39  1-2 

Venous  (about)    .        8-12  46-50  1-2 

The  sooner  after  bleeding  the  gases  are  removed  the  greater 
is  the  proportion  of  O^  that  can  be  obtained,  as  delay  allows 
some  of  it  to  combine  with  easily  oxidized  substances  in  the 
dying  blood.  The  amount  of  oxygen  varies  in  different  parts 
of  the  venous  system.     In  the  blood  of  an  animal  dying  of  slow 
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asphyxia  only  traces  of  oxygen  can  be  found,  and  these  soon 
disappear  after  death. 

The  proofs  that  Oj  is  in  chemical  combination  with  the 
hemoglobin  of  the  red  blood  corpuscles,  and  not  merely 
absorbed,  are  numerous  and  satisfactory. 

1 .  When  arterial  blood  is  submitted  to  gradual  diminution  of 
pressure  in  the  mercurial  air-pump  the  oxygen  does  not  come 
off  in  accordance  with  the  established  law  relating  to  gases  held 
in  solution,  viz.,  in  proportion  to  the  diminution  of  the  pressure 
(Henry-Dalton).  At  first  only  traces  appear  (probably  the 
small  amount  really  dissolved),  and  when  the  pressure  has  been 
reduced  to  a  certain  point,  about  -^  of  that  of  the  atmos- 
phere, nearly  all  the  oxygen  comes  off  suddenly.  Hemoglobin 
combines  with  O2  in  the  same  way,  rapidly  at  first,  even  when 
the  pressure  is  low. 

2.  If  simple  absorption  were  the  only  state  in  which  the 
oxygen  existed  in  the  circulation,  the  warm  blood,  while  passing 
through  the  pulmonary  capillaries,  could  only  take  up  about  0.4 
volume  per  cent.,  which  would  be  inadequate  for  life.  We  know 
that  the  quantity  of  O2  going  to  the  blood  from  the  air  in  the 
alveoli  amounts  to  10  volumes  per  cent.  This  cannot  be  ex- 
plained on  physical  grounds  alone.  Further,  when  an  animal 
dies  of  asphyxia  in  a  limited  space,  all  the  O2  of  the  air  in  the 
chamber  is  absorbed ;  while  some  still  exists  in  the  hemoglobin 
of  the  animal,  the  pressure  cannot  then  make  the  O2  pass  into 
the  blood. 

3.  Another  proof  that  the  Oj  combines  with  the  hemoglobin 
chemically  is  given  by  the  spectroscopic  examination  of  hemo- 
globin solutions,  both  the  reduced  and  the  oxyhemoglobin 
showing  characteristic  spectra,  as  already  pointed  out  in 
Chapter  XII.     (Frontispiece  and  p.  255.) 

4.  The  amount  of  O2  taken  up  is  not  in  proportion  to  the 
pressure  of  that  gas,  but  rather  to  the  amount  of  hemoglobin  in 
the  blood  ;  and  we  therefore  find  the  adequacy  of  the  respiratory 
function  of  the  blood  going  hand  in  hand  with  its  richness  in 
hemoglobin.  The  "shortness  of  breath"  of  anemic  and 
chlorotic  individuals  is  thus  explained. 
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5.  The  oxygen  can  be  displaced  by  the  chemical  union  of 
other  gases  with  the  hemoglobin. 

The  great  importance  of  the  chemical  nature  of  the  union 
between  the  O,  and  hemoglobin  for  external  respiration  becomes 
striking  when  the  manner  in  which  the  entrance  of  the  Oj  is 
effected  is  taken  into  account. 

The  further  we  trace  the  air  down  the  passages,  the  less  Oj  it 
contains,  and,  therefore,  the  less  is  the  pressure  exerted  by  that 
gas.  This  is  shown  by  the  fact  that  the  air  given  out  by  the 
latter  half  of  a  single  expiration  has  less  Oj  and  more  CO,  than 
that  of  the  first  half.  The  exact  determination  of  the  per- 
centage of  Oj  in  the  air  of  the  alveoli  has  not  been  accomplished, 
but  it  must  be  low,  for,  since  the  tidal  air  only  fills  the  larger 
tubes,  the  air  in  the  small  bronchi  can  contain  only  a  small  per- 
centage of  O2,  and  the  alveoli  receive  Oj  only  by  diffusion  with 
this  impure  air  of  the  small  bronchi. 

Our  knowledge  concerning  the  relation  of  the  CO2  to  the 
constituents  of  the  blood  is  less  definite. 

It  does  not  all  exist  as  a  mere  physical  solution,  for  it  comes 
off  irregularly  under  the  air-pump,  and  does  not  exactly  obey 
the  Henry-Dalton  law  of  the  absorption  of  gases.  Part  comes 
off  easily  and  part  with  difficulty.  It  is  not  associated  with  the 
corpuscles,  for  more  of  this  gas  can  be  obtained  from  serum 
than  from  a  like  quantity  of  blood.  It  is  more  easily  removed  from 
the  blood  than  from  the  serum,  a  certain  proportion  (about  seven 
per  cent,  of  the  whole)  remaining  in  the  serum,  in  vacuo,  until 
dissociated  by  the  addition  of  an  acid  or  a  piece  of  clot  con- 
taining corpuscles.  If  bicarbonate  of  soda  be  added  to  blood 
from  which  all  the  gas  has  been  removed,  still  more  CO,  can  be 
pumped  out,  from  which  it  would  appear  that  something  exists 
in  the  blood  capable  of  dissociating  CO2  from  sodium  bicar- 
bonate. 

It  has  been  suggested  that  the  COj  is  in  some  way  associated 
(possibly  as  sodium  bicarbonate)  with  the  plasma  of  the  blood, 
and  that  the  corpuscles  have  the  power  of  acting  like  a  weak 
acid,  and  of  dissociating  it  from  the  soda,  and  thus  raising  its 
tension  in  the  blood. 
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The  difference  of  tension  of  the  CO2  in  the  alveolar  air  and  in 
the  blood  hardly  explains  the  steady  manner  in  which  the  COj 
escapes,  and  it  has,  therefore,  been  suggested  that  this  escape  also 
depends  in  some  way  upon  a  chemical  process,  possibly  con- 
nected with  the  union  of  O2  to  hemoglobin,  because  the  admis- 
sion of  O2  to  the  blood  seems  to  facilitate  the  exit  of  COj. 

III.  Internal  Respiration. 

The  arterial  blood,  while  flowing  through  the  capillaries  of  the 
systemic  circulation  and  supplying  the  tissues  with  nutriment, 
undergoes  changes  which  are  called  internal,  or  tissue  respira- 
tion, and  which  may  be  regarded  as  the  converse  of  pulmonary 
or  external  respiration.  In  the'  external  respiration  the  blood  is 
changed  from  venous  to  arterial ;  whereas  in  internal  respiration 
the  blood  is  again  rendered  venous. 

There  can  now  be  no  doubt  that  these  chemical  changes  take 
place  in  the  tissues  themselves,  and  not,  as  was  formerly 
supposed,  in  the  blood  as  it  flows  through  the  vessels.  The 
amount  of  oxidation  that  takes  place  in  the  blood  itself  is  in- 
deed very  small.  The  tissues  extract  a  certain  part  of  the  O  from 
the  blood,  along  with  the  other  substances  necessary  for  their  nu- 
trition. In  the  chemical  changes  which  take  place  in  the  tissues 
the  oxygen  rapidly  disappears,  the  tension  of  that  gas  becoming 
low ;  at  the  same  time  the  character  of  the  chemical  changes  is 
indicated  by  the  appearance  of  CO2.  The  disappearance  of 
the  O2  and  the  manufacture  of  COj  do  not  exactly  correspond 

.     CO2  eliminated 
in  amount.     As  already  mentioned,  the  ratio  — ^^ — r — ; — 5 — 
■'  '  O2  absorbed 

gives  the  quotient,  which  is  sometimes  called  the  coefiicient  of 
respiration.  This  varies  in  different  parts  and  under  different 
circumstances.  Of  the  intermediate  steps  in  the  tissue  chem- 
istry we  have  in  most  instances  but  theoretical  knowledge.  We 
do  not  know  the  way  in  which  the  oxygen  is  induced  by  the 
tissues  to  leave  the  hemoglobin ;  we  can  only  say  that  the  tissues 
have  a  greater  affinity  for  O2  than  the  hemoglobin  has,  and  they 
at  once  convert  the  O2  into  more  staple  compounds  than  oxy- 
hemoglobin, and  ultimately  manufacture  CO2,  which  exists  in 
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the  tissues  and  fluids  of  the  body  at  a  higher  tension  than  even 
in  the  venous  blood. 

IV.  Respiration  of  Abnormal  Air,  etc. 

The  oxygen  income  and  carbonic  acid  output  are  the  essential 
changes  brought  about  by  respiration,  therefore  the  presence  of 
oxygen  in  a  certain  proportion  is  absolutely  necessary  for  life. 
The  21  per  cent,  of  Oj  of  the  atmosphere  more  than  suffices  to 
saturate  the  hemoglobin  of  the  blood,  and  14  per  cent,  of  Oj,  at 
ordinary  atmospheric  pressure,  has  been  found  to  be  capable  of 
sustaining  life  without  producing  any  marked  change  in  respira- 
tion. Human  beings  live  in  perfect  health  at  the  height  of 
10,000  to  12,000  feet  above  the  sea  level. 

Dyspnea  is  produced  by  an  atmosphere  containing  only  7.5 
per  cent  of  Oj.  This  dyspnea  rapidly  increases  as  the  percent- 
age of  O2  is  further  decreased,  and  when  it  gets  as  low  as  three 
per  cent,  suffocation  speedily  ensues. 

The  output  of  COj  can  be  accomplished  if  the  lungs  be  venti- 
lated by  any  harmless  or  indifferent  gas,  and  since  the  manufac- 
ture of  the  CO2  does  not  take  place  in  the  lungs,  its  elimination 
can  go  on  independently  of  the  quantity  of  O2  in  them.  The 
79  per  cent  of  N.  contained  in  the  atmosphere  has  a  passive  duty 
to  perform  in  diluting  the  O2  and  facilitating  the  escape  of  the 
CO2  from  the  lungs. 

Indifferent  gases  are  those  which  produce  no  unpleasant  effect 
of  themselves,  but  which  in  the  absence  of  O2  are  incapable  of 
sustaining  life,  such  as  nitrogen,  hydrogen,  and  CHi. 

Irrespirable  gases  are  such  as,  owing  to  the  irritating  effect  on 
the  air  passages,  cannot  be  respired  in  quantity,  as  they  cause 
instant  closure  of  the  glottis.  In  small  quantities  they  irritate 
and  produce  cough,  and  if  persisted  in,  inflammation  of  the  air 
passages ;  among  these  are  chlorin  ammonia,  ozone,  nitrous, 
sulphurous,  hydrochloric,  and  hydrofluoric  acids. 

Poisonous  gases  are   those   which   can  be   breathed  without 

much  inconvenience,  but   when  brought   into   union  with  the 

blood  cause   death.     Of  these  there   are  many  varieties,     (i) 

Those  which  permanently  usurp  the  place  of  oxygen  with  the 

32 
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hemoglobin,  viz.,   carbon   monoxid   (CO),    hydrocyanic   acid 
(HCN). 

(2)  Narcotic :  (a)  carbonic  dioxid  (COj),  of  which  ten  per  cent, 
is  rapidly  fatal,  one  per  cent,  is  poisonous,  and  over  o.i  per 
cent,  injurious ;  (/?)  nitrogen  monoxid  (NOj)  ;  each  of  these 
gases  leads  to  a  peculiar  asphyxia  without  convulsions;  (y) 
chloroform,  ether,  etc. 

(3)  Sulphureted  hydrogen  (HjS),  which  reduces  the  oxyhe- 
moglobin, and  produces  sulphur  and  water. 

(4)  Phosphureted    hydrogen    (PH,),  arseniureted   hydrogen 

(AsHj),  and  cyanogen  gas  (CjHj)  also  have  special  poisonous 

effects. 

V.  Ventilation. 

In  the  open  air  the  effects  of  respiration  on  the  atmosphere 
cannot  be  appreciated,  but  in  enclosed  spaces,  such  as  houses, 
rooms,  etc.,  which  are  occupied  by  many  persons,  the  air  soon 
becomes  appreciably  changed  by  their  breathing. 

The  most  important  changes  are:  (i)  removal  of  oxygen,  (2) 
increase  in  carbonic  acid,  and  (3)  the  appearance  of  some 
poisonous  materials  which,  though  highly  injurious,  cannot  be 
determined.  The  deficiency  in  oxygen  never  causes  any  incon- 
venience, as  it  is  never  reduced  below  what  is  sufficient  for  the 
saturation  of  the  hemoglobin.  The  excess  of  CO^  seldom  gives 
any  inconvenience,  since  the  air  becomes  disagreeably  fusty  or 
stuffy  long  before  the  amount  of  COj  from  breathing  has 
reached  o.i  per  cent.,  which  amount  of  pure  CO2  can  be  inspired 
without  any  unpleasantness.  It  is,  then,  the  exhalations  coming 
from  the  lungs,  and  probably  skin,  some  of  which  must  have  a 
poisonous  character,  that  render  the  proper  supply  of  fresh  air 
imperative. 

The  difficulty  of  determining  the  presence  of  the  poisonous 
organic  materials  makes  it  convenient  to  use  the  amount  of  COj 
present  in  the  air  as  the  means  of  measuring  its  general  purity. 
For  this  we  must  suppose  that  the  relation  between  the  poisonous 
organic  ingredients  and  the  COji  is  constant. 

Air  which  is  rendered  impure  by  breathing  becomes  disagree- 
able to  the  sense  of  smell  when  the  CO,  has  reached  the  low 
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Standard  of  .06  or  .08  per  cent.,  that  is  to  say,  scarcely  twice  as 
much  CO2  as  is  contained  in  the  pure  atmosphere.  Supposing 
that  air  is  unwholesome  when  its  impurities  are  appreciable  by 
the  senses,  then,  if  the  animal  body  be  the  source  of  the  COj,  .06 
per  cent,  of  this  gas  makes  the  air  unfit  for  use. 

An  adult  disengages  more  than  half  a  cubic  foot  of  CO2  in 
one  hour  (-6  Parkes),  and  consequently  in  that  time  he  renders 
quite  unfit  for  use  more  than  1000  cubic  feet  of  air  by  raising 
the  percentage  of  COn  to  .1  (.04  being  the  initial  percentage 
and  .06  the  respiratory  addition). 

It  is  obvious  that  the  smaller  the  space  and  the  more  confined, 
the  more  rapidly  will  the  air  become  vitiated  by  respiration.  It 
becomes  necessary  for  health,  therefore,  to  have  not  only  a 
certain  cubic  space  and  a  certain  change  of  air  for  each  individ- 
ual, but  the  cubic  space  and  the  change  of  air  should  bear  to 
each  other  a  certain  proportion  in  order  that  the  air  may  remain 
sufficiently  pure. 

The  space  allowed  in  public  institutions  varies  from  500  to 
1500  cubic  feet  per  head  in  such  apartments  as  are  occupied  by 
the  individuals  day  and  night.  As  a  fair  average  1000  cubic  feet 
may  be  fixed  as  the  necessary  space  in  a  perfect  hygienic  arrange- 
ment. In  order  to  keep  this  perfectly  wholesome  and  free  from 
a  stuffy  smell,  and  the  CO^  below  .06  per  cent.,  it  is  necessary  to 
supply  some  2000  cubic  feet  of  air  per  head  per  hour. 

To  give  the  necessary  supply  of  fresh  air  without  introducing 
draughts  or  greatly  reducing  the  temperature  of  the  room  is  no 
easy  matter,  and  forms  the  special  study  of  the  hygienic  engineer. 

VI.  Asphyxia. 
If  an  adequate  supply  of  oxygen  be  withheld  and  its  percent- 
age in  the  blood  be  reduced  to  a  certain  point,  the  death  of  the 
animal  follows  in  three  to  five  minutes,  accompanied  by  a  series 
of  phenomena  commonly  included  under  the  term  asphyxia. 
This  may  be  divided  into  four  stages,  i.  Dyspnea.  2.  Convul- 
sion. 3.  Exhaustion.  4.  Inspiratory  spasm.  As  asphyxia  is  a 
mode  of  death  the  symptoms  of  which  the  physician  may  be  called 
upon  to  treat,  he  should  be  able  to  recognize  its  different  phases. 
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If  the  air  passages  be  closed  completely  the  respirations  become 
deep,  labored,  and  rapid.  The  respiraitory  efforts  are  more  and 
more  energetic,  and  the  various  supplementary  muscles  are  called 
into  play  one  after  the  other,  until  gradually  the  second  stage  is 
reached  in  about  one  minute. 

As  the  struggles  for  air  become  more  severe,  the  inspiratory 
muscles  lose  their  power,  and  the  expiratory  efforts  become 
more  and  more  marked,  until  finally  the  entire  body  is  thrown 
into  a  general  convulsion  in  which  the  traces  of  a  rhythm  are 
hardly  apparent.  This  stage  of  convulsion  is  short,  the  expira- 
tory muscles  becoming  suddenly  relaxed  by  exhaustion. 

Then  the  longest  stage  arrives,  in  which  the  animal  lies  almost 
motionless,  making  some  quiet  inspiratory  attempts.  These' 
become  gradually  deeper  and  slower,  until  they  are  nothing 
more  than  deep  gasps,  separated  by  long,  irregular  intervals. 

The  pupils  of  the  eyes  become  widely  dilated,  the  pulse  can 
hardly  be  felt,  and  the  animal  lies  apparently  dead,  when  often 
after  a  surprisingly  long  interval  one  or  more  respiratory  gasps 
follow,  and  with  a  gentle  tremor  the  animal  stretches  itself  in 
a  kind  of  tonic  inspiratory  spasm,  after  which  it  is  no  longer 
capable  of  resuscitation.  This  last  pulseless  stage,  to  which 
the  term  asphyxia  is  more  properly  confined,  is  the  most  irregular 
in  duration,  but  always  the  longest. 

The  blood  of  an  animal  which  has  died  of  asphyxia  is  nearly 
destitute  of  oxygen,  the  hemoglobin  being  in  a  much  more 
reduced  condition  than  is  found  in  venous  blood. 

The  first  and  most  obvious  effect  produced  by  the  circulation 
of  blood  so  deficient  in  oxygen  is  excessive  stimulation  of  the 
respiratory  center,  which  causes  the  extreme  and  varied  actions 
just  described.  In  the  first  stage  of  asphyxia,  the  venous  blood 
reaching  the  systemic  arterioles  affects  their  muscular  walls,  and 
passing  through  the  vaso-motor  center  excites  the  vaso-constrictor 
mechanism,  so  as  to  cause  a  rapid  and  considerable  rise  in  blood 
pressure  and  consequent  distention  of  the  left  ventricle.  The 
general  constriction  of  the  small  arteries  may  be  brought  about 
by  the  venous  blood  acting  as  a  stimulus  to  the  cells  of  the  medul- 
lary and  spinal  vaso-motor  centers,  or  it  may  act  as  a  direct 
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Stimulant  to  the  muscle  cells  of  the  arterioles  themselves.  The 
centers  in  the  medulla  which  govern  the  inhibitory  fibers  of  the 
pneumogastric  are  also  stimulated,  and  consequently  the  heart 
beats  more  slowly.  The  increase  in  arterial  tension  and  the  slow 
beat  give  rise  to  distention  of  the  ventricle,  which,  when  a  certain 
point  is  reached,  impedes  the  working  of  the  heart,  and  its  muscle 
begins  to  beat  more  and  more  feebly,  so  that  in  the  third  stage 
the  pulse  can  hardly  be  felt.  The  arterioles  then  become  relaxed 
by  the  action  of  the  depressor  nerve,  the  blood  pressure  falls 
rapidly,  and  with  the  death  of  the  animal  it  reaches  the  level  of 
atmospheric  pressure.  The  right  side  of  the  heart  and  the  great 
veins  are  engorged  with  blood  in  the  last  stage  of  asphyxia; 
the  cardiac  muscle,  being  inhibited  or  exhausted  from  want  of 
oxygen,  is  unable  to  overcome  the  resistance  offered  by  the  pul- 
monary arterioles  and  cannot,  therefore,  empty  its  cavities  or 
pump  the  blood  out  of  the  veins. 

Owing  to  the  persistent  contraction  of  the  pulmonary  vessels 
and  the  great  capacity  of  the  systemic  veins,  the  left  side  of  the 
heart  is  found  comparatively  empty  after  death,  and  at  post- 
mortem examination  the  right  side  alone  is  found  over-filled. 
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CHAPTER  XVIII. 

BLOOD  ELABORATING  GLANDS. 

In  the  preceding  chapters  we  have  seen  that  the  blood  under- 
goes important  changes  as  it  courses  through  the  different  parts 
of  its  circuit.  Where  it  comes  in  contact  with  the  tissues  it 
yields  to  them  nutrient  material  for  assimilation,  and  oxygen  for 
their  metabolism,  and  carries  away  from  them  some  waste  pro- 
ducts. In  the  lungs  it  receives  oxygen  and  gives  off  carbonic 
acid.  While  it  flows  through  the  minute  vessels  of  the  alimentary 
tract  many  of  the  materials  are  absorbed  by  the  blood.  At  the 
confluence  of  the  great  veins  in  the  neck  the  stream  of  lymph 
and  chyle  is  poured  into  the  blood. 

Thus  there  is  a  circulation  of  material,  a  constant  income  and 
output  going  on  in  the  blood  and  in  the  different  tissues  of  the 
body.  The  investigation  of  the  changes  taking  place  in  the 
blood  while  passing  through  each  organ  is  difficult  and  in  many 
cases  impossible.  It  may  be  made  out,  in  one  instance,  the 
lungs,  by  noting  the  substances  given  off  or  taken  up  by  the 
blood.  Here  we  can  find  out  from  the  expired  air  that  the 
blood  has  lost  and  gained  certain  materials.  In  secreting  glands 
the  secretion  enables  us  to  judge  of  some  of  the  changes  taking 
place  in  the  organ.  In  other  parts,  such  as  the  muscles  of  the 
ductless  glands,  we  have -no  separate  output  which  we  can  analyze, 
and  we  must  therefore  trust  to  the  differences  wliich  may  be 
found  to  exist  in  the  blood  flowing  to  and  that  flowing  from  thein. 
For  this  purpose  one  can  either  examine  samples  of  the  blood 
from  the  artery  and  vein  of  the  organ,  or,  immediately  after  its 
removal,  by  causing  an  artificial  stream  of  blood  to  flow  through 
it ;  then  the  changes  in  the  blood  during  its  passage  through  the 
organ  should  give  the  required  information.  But  in  many  cases 
these  experiments  are  disappointing,  the  amount  of  the  sub- 
stances being  so  small. 
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Fig.  141. 


Blood  Glands. 

There  is  a  certain  set  of  organs  which  resemble  one  another 
in  being  larger  in  the  embryo  and  rapidly  growing  young 
animals  than  in  adults,  and  in  the  fact  that  they  do  not  pour  their 
products  into  ducts,  but  into 
the  blood  current,  and  are 
therefore  commonly  grouped 
together  as  ductless  or  blood 
glands. 

It  has  been  shown  that  a  great 
part  of  the  absorbed  nutrient 
material  passes  through  the  lac- 
teals  or  lymphatics,  and  in  so 
doing  has  to  traverse  lymph- 
atic glands,  where  it  is  modified 
by  the  addition  of  a  number  of 
lymph  corpuscles  which  are  sub- 
sequently poured  into  the  large 
veins  and  become  important 
constituents  of  the  blood. 
Some  of  the  blood  glands  are 
nearly  akin  to  these  lymphatic 
glands  already  described  (page 
214),  their  duty  being  the 
further  elaboration  and  perfec- 
tion of  the  blood. 

In  this  group  are  ^commonly 
placed  the  supra-renal  cap- 
sules, the  THYROID,  the  thy- 
mus, and  the  spleen. 


Vertical  Section  of  the  Supra-renal  Capsnle. 
{Eberth.) 

i,  cortex  ;  2,  medulla ;  a,  fibrous  capsule ;  b, 
external  cell  masses  ;  c,  columnal  layer  ;  d, 
internal  cell  masses  ;  e,  medullary  substance, 
in  which  lies  a  large  vein,  partly  seen  in  sec- 
tion^ 


Supra-renal  Capsule. 

With  regard  to  the  function 

of  the  supra-renal  capsule  we 

may  say  that  nothing  definite  is  known.     The  cortical  part  is  said 

to  resemble  the  lymph  follicles  in  structure,  while  the  central 
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part,  on  account  of  its  numerous  peculiar  large  cells,  its  great 
richness  in  nerves,  and  its  close  developmental  relationship,  has 
been  thought  to  have  some  connection  with  the  nervous  system. 
Extirpation  of  the  supra-renal  bodies  in  rabbits  and  frogs  leads  to 
slowly  progressive  fatal  paralysis. 

On  somewhat  indefinite  pathological  data  it  has  been  said  to 
preside  over  the  destiny  of  the  pigments  of  the  body. 

Thyroid  Body. 
The  thyroid  is  made  up  of  groups  of  minute  closed  sacs  em- 
bedded in  a  stroma  of  connective  tissue,  lined  with  a  single  row 
of  epithelium  cells,  and  filled  with  a  clear,  peculiar  albuminoid 

Fig.  142. 


Section  of  the  Thyroid  Gland  of  a  Child,  showing  two  complete  sacs  and  portions  of  others 
The  homogeneous  colloid  substance  is  represented  as  occupying  the  central  part  of  the 
cavity  of  the  vesicles,  which  are  lined  by  even  cubical  epithelium.     {Schafer,) 


or  mucin-like  substance.  In  the  adult  the  sacs  are  commonly 
much  distended  with  a  colloid  substance  and  peculiar  crystals, 
and  the  epithelium  has  disappeared  from  their  walls.  There 
seems  good  pathological  and  experimental  evidence  that  this 
body  has  an  obscure  influence  on  (i)  the  elaboration  of  the 
plasma  and  the  blood  corpuscles,  on  (2)  nutrition  in  general,  and 
(3)  the  development  of  the  connective  tissue  in  particular.  Its 
removal  frequently  is  followed  by  changes  in  the  blood  and  exces- 
sive  development   of   all   the   connective    tissues.     A   fall   of 


THYMUS   GLAND. 


383 


temperature,  difficult  respiration,  and  convulsive  attacks,  usually 
fatal  in  a  few  weeks,  have  also  been  observed.  These  symptoms 
are  said  to  be  averted  by  injection  of  glycerin  extract  of  the 
gland.      (Schiff.) 

Thymus  Gland. 
The  functional  activity  of  the  thymus  is  restricted  to  that 
period  of  life  when  growth  takes  place  most  rapidly.     It  is  well 


Fig.  143. 


Fig.  144. 


Magnified  Section  of  a  Portion  of  Injected  Thymus,  sliowing 
one  complete  lobule  with  soft  central  part  (cavity),  ^,  and 
parts  of  other  lobules.    (Cadiat.) 
a,  lymphoid  tissue ;  c,  blood-vessels ;  d,  fibrous  tissue. 

Fig.  145. 


Portion  of  Thymus  Removed 
from  its  Envelope  and 
Unraveled,  so  as  to  show 
the  lobules,  ^,  6,  attached 
to  a  central  band  of  connec- 
tive tissue,  a. 


Elements  of  Thymus  (high  power).    {Cadiat.) 
,  lymph  corpuscles  ;  &,  epithelioid  nests  of  Hassall. 


developed  in  the  fetus,  and  increases  in  size  for  a  couple  of  years 
after  birth ;  but  it  gradually  diminishes  in  bulk  during  the  later 
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periods  of  childhood.  It  loses  its  original  structure  about  puberty 
so  as  to  become  completely  degenerated  and  fatty  in  the  adult. 
It  is  composed  of  numerous  little  follicles  of  lymphoid  tissue 
collected  into  groups  or  lobules  connected  with  a  kind  of  central 
stalk.  The  lymphoid  follicles  of  the  young  thymus  have  some 
likeness  to  those  of  the  intestinal  tract,  but  they  differ  from  the 
agminate  glands,  not  only  in  arrangement,  but  also  in  having 
peculiar  small  nests  of  large  cells  (corpuscles  of  Hassall)  in  the 
midst  of  the  adenoid  tissue  of  which  they  are  made  up.  On 
account  of  the  structure  of  the  lobules  being  so  nearly  identical 
with  that  of  a  lymphatic  gland,  and  from  its  great  richness  in 
lymphatic  vessels,  the  thymus  is  said  to  be  related  to  the  lym- 
phatic system,  and  is  supposed  to  play  an  important  part  in  the 
elaboration  of  the  blood  during  the  earlier  stages  of  animal  life. 

Spleen. 
Structure. — The  spleen  enlarges  with  the  growth  of  the  animal, 
thusdiffering  from  the  other  blood  glands.    It  somewhat  resembles 
a  lymphatic  organ  in  structure,  but  differs  from  it  in  the  relation 

Fig.  146. 


a,  Trabeculae  of  tht  Spleen  ;  h^  Artery  cut  obliquely.    {Cadiai.) 

borne  by  the  blood  to  the  elements  of  the  follicular  tissue.  It 
is  incased  in  a  strong  capsule  made  of  fibrous  tissue  and  un- 
striated  muscle  cells.  From  this  many  branching  prolongations 
pass  into  the  substance  of  the  organ,  so  as  to  traverse  the  soft 
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Fig.  147. 


Reticulum  of  the  Spleen  Pulp  Injected 
with  Colorless  Gelatin.    (Caaiat.) 

a,  meshes  made  of  endothelium ;  b,  lacu- 
nar spaces  through  which  the  blood 
flows  ;  c,  nuclei  of  endothelium. 


red  spleen  pulp.  In  these  trabecules  or  prolongations  from  the 
capsule  are  found  the  branches  of  the  splenic  artery,  dividing 
into  smaller  twigs  without  anas- 
tomosis. On  leaving  the  trabe- 
culse  the  arteries  break  up  sud- 
denly into  a  brush-like  series  of 
small  branches,  ending  in  capil- 
laries which  are  lost  in  lymphoid 
tissue. 

Between  the  trabeculae  are 
found  two  distinct  kinds  of  tis- 
sue— (i)  rounded  masses  of  lym- 
phoid  tissue,  called  Malpighian 
corpuscles,  scattered  here  and 
there  through  the  organ,  and 
(2)  the  peculiar  soft  splenic  pulp 
making  up  its  bulk. 

The  small,  rounded  masses  of  lymph  follicular  tissue  are 
situated  on  the  course  of  the  fine  arterial  twigs.  The  delicate 
adenoid  reticulum  which  holds  the  lymph  cells  together  is 
intimately  connected  with  the  vessel  wall.  The  pale  appearance 
of  these  follicles,  which  distinguishes  them  from  the  surrounding 
splenic  pulp,  depends  on  the  number  of  the  white  cells  which 
are  packed  in  the  meshes  of  this  perivascular  lymphoid  tissue. 

The  splenic  pulp  consists  of  a  reticulum  of  flattened,  branching 
cells,  forming  a  system  of  communicating  lacunar  spaces  lined 
with  endothelium.  Into  these  spaces  the  blood  is  poured  from 
the  arteries,  and  thus  mingles  with  vast  numbers  of  white  cells. 
Besides  the  ordinary  blood  discs,  white  corpuscles,  and  lymph 
cells,  some  peculiar  large  ameboid  cells  are  found  in  the  spleen 
pulp.  Some  of  these  contain  little  masses  of  hemoglobin,  or 
red  corpuscles,  whilst  some  small,  misshapen,  red  corpuscles 
are  regarded  as  steps  in  a  retrograde  change  in  the  discs.  But 
few,  if  any,  lymph  channels  lead  from  the  spleen  pulp,  and  only 
a  relatively  small  number  pass  out  from  the  hilus,  so  that  the 
splenic  artery  and  vein  must  be  regarded  as  taking  the  place  01 
the  afferent  and  efferent  lymph  channels. 
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Chemical  Composition  oj  the  Spleen  Pulp. — Chemical  examina- 
tion shows  the  splenic  pulp  to  have  remarkable  peculiarities. 
Although  so  full  of  blood,  which  is  alkaline,  the  spleen  is  acid 
in  reaction.  It  contains  a  great  quantity  of  the  oxidation  pro- 
ducts (so-called  extractives)  commonly  found  as  the  result  of 
active  tissue  change,  viz.,  uric  acid,  leucin,  xanthin,  hypo- 
xanthin,  inosit,  cholesterin,  lecithin,  etc.  It  also  yields  many 
fatty  acids,  viz.,  lactic,  formic,  succinic,  acetic,  and  butyric 
acids.  It  also  contains  pigments,  which  probably  result  from 
hemoglobin.  A  peculiarly  large  amount  of  iron  is  present  in 
the  spleen  pulp.  It  is  in  organic  combination,  probably  in 
hemoglobin.  The  ash  is  found  to  contain  a  considerable 
quantity  of  oxid  of  iron,  to  be  rich  in  phosphates  and  soda, 
with  but  small  quantities  of  chlorids  and  potassium. 

Changes  in  the  Blood  in  the  Spleen. — If  the  blood  flowing  in 
the  splenic  artery  be  compared  with  that  in  the  vein,  the 
difference  gives  us  the  changes  the  blood  has  undergone  in  the 
organ,  and  hence  is  of  great  importance.  In  the  blood  of  the 
vein  is  found  an  enormous  increase  in  the  number  of  the  white 
corpuscles  (i  white  to  70  red  in  the  vein,  as  against  i  to  2000 
in  the  splenic  artery).  The  red  corpuscles  from  the  vein  have 
been  said  to  be  smaller,  brighter,  less  flattened  than  those  of 
ordinary  blood ;  they  do  not  form  rouleaux,  and  are  more 
capable  of  resisting  the  injurious  influence  of  water.  The  blood 
of  the  splenic  vein  is  also  said  to  have  a  greater  proportion  of 
water,  and  to  contain  an  unusual  quantity  of  uric  acid  and  other 
products  of  tissue  waste.  The  amount  of  blood  in  the  spleen 
varies  greatly  at  different  times.  Shortly  after  meals  the  organ 
becomes  turgid,  and  remains  enlarged  during  the  later  periods 
of  digestion. 

Pathological  Changes. — The  size  of  the  spleen,  which  may  be 
taken  as  a  measure  of  its  blood  contents,  is  also  altered  by  many 
abnormal  conditions  of  the  blood.  Thus,  in  all  kinds  of  fever, 
particularly  ague  and  typhoid,  and  in  syphilis,  the  spleen 
becomes  turgid,  and  in  some  of  these  diseases  it  remains  swollen 
for  some  time.  In  a  remarkable  disease,  leucocythemia,  in 
which  the  white-  blood  cells  are  greatly  increased  in  number 
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and  the  red  ones  are  relatively  diminished,  the  spleen,  in 
company  with  the  lymphatic  glands,  is  often  found  to  be  much 
altered  and,  as  a  rule,  immensely  enlarged  ;  but,  on  the  other 
hand,  advanced  amyloid  degeneration  of  the  spleen  may  occur 
without  any  notable  alteration  taking  place  in  the  number  or 
properties  of  the  blood  corpuscles. 

Extirpation  of  the  Spleen. — The  spleen  may  be  removed  from 
the  body  without  any  marked  changes  taking  place  in  the  blood 
or  the  economy  generally.     It  is  said  that  if  an  animal  whose 

Fic.  m8. 


Section  of  Spleen  through  a  Lymph  Follicle  ^Malpighian  Body),  a,  injected  to  show  the 
vessel,  r,  entering  the  follicle,  the  lymphoid  tissue  of  which  is  pale  in  comparison  with 
the  pulp,  3,  the  meshes  of  which  are  filled  with  injection.    i^Cadiat.') 

spleen  is  extirpated  be  allowed  to  live  for  some  time  the  lym- 
phatic glands  increase  in  size  or  become  swollen. 

In  attempting  to  assign  a  definite  function  to  the  spleen  all 
the  foregoing  facts  must  be  carefully  reviewed,  and  the  peculiar- 
ity of  its  (i)  structure,  (2)  chemical  composition,  (3)  the  changes 
the  blood  undergoes  while  flowing  through  it,  (4)  the  variations 
in  blood  supply  which  follow  normal  and  pathological  changes  in 
the  economy,  and  (5)  the  absence  of  effect  following  its  extirpa 
tion,  must  all  be  borne  in  mind. 

Its  structure  teaches  us  that  it  is  intimately  related  to  lymphatic 
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glands.  The  Malpighian  bodies  are  simply  lymph  follicles,  and 
the  pulp  may  be  regarded  as  a  sinus  like  that  of  a  lymph  gland, 
with  this  difference,  that  it  is  traversed  by  blood  instead  of 
lymph.  The  cell  elements  found  in  it  indicate  that  not  only 
white  cells  are  rapidly  generated,  but  also  that  some  of  these  cells 
acquire  a  peculiar  relationship  to  hemoglobin,  as  they  are  often 
found  to  contain  it.  The  varieties  in  size,  form,  and  general  ap- 
pearance of  the  red  corpuscles  can  be  accounted  for  bj  either 
their  destruction  or  their  formation  occurring  in  this  organ. 

Its  chemical  composition  also  shows  it  to  be  connected  with 
active  metabolic  changes,  and  that  possibly  stages  of  the  con- 
struction or  destruction  of  hemoglobin  are  here  accomplished. 

From  the  characters  of  the  blood  flowing  from  the  spleen  it  has 
.been  argued  that  production  of  white  corpuscles  and  destruction 
of  the  red  discs  goes  on,  while  some  new  discs  are  formed, 
probably  by  means  of  the  white  cells  making  hemoglobin  in  their 
protoplasm,  which,  gradually  disappearing,  leaves  only  the  red 
mass  of  hemoglobin. 

The  increased  activity  and  greater  size  of  the  spleen  after 
meals  and  in  certain  abnormal  states  of  the  blood  distinctly  point 
out  that  some  form  of  blood  elaboration  goes  on  in  it  which  is 
nearly  related  to,  or  associated  with,  nutrition. 

The  swelling  of  the  lymphatic  glands  after  extirpation  of  the 
spleen  confirms  its  relation  to  these  organs ;  but  the  paucity  of 
evidence  as  to  changes  in  the  number  or  character  of  the  red 
discs  after  this  operation  proves  that  if  the  spleen  be  either  the 
place  of  origin  or  destruction  of  the  red  corpuscles,  it  cannot  be 
the  only  organ  in  which  they  are  produced  or  destroyed. 
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CHAPTER  XIX. 
THE  LIVER. 

Introductory. 

The  secretion  of  the  liver  was  discussed  in  the  chapter  on 
digestion,  and  its  relation  to  the  processes  taking  place  in  the 
intestinal  tract  were  enumerated 

As  may  be  surmised  from  the  smallness  of  the  amount  of  the 
secretion  in  comparison  with  the  enormous  bulk  of  the  gland, 
the  production  of  the  bile  is  not  the  only,  or  even  the  most 
important,  function  of  the  liver. 

Placed  on  the  highway  by  which  the  great  majority  of 
materials  absorbed  from  the  intestines  reach  the  blood,  it  is 
obviously  in  a  position  to  act  as  the  guardian  of  the  blood's 
purity  and  health.  It  certainly  in  some  respects  performs  this 
duty,  for  many  poisons  when  introduced  into  the  digestive 
tract  are  stopped  by  the  liver,  and,  if  their  amount  be  not 
excessive,  are  eliminated  with  the  bile.  But  we  have  good 
reason  to  believe  that  this  enormous  mass  of  protoplasm  is 
placed  in  this  peculiar  position  in  the  circulation  to  preside 
over  much  more  important  duties  that  that  of  mere  gate- 
keeper. Many,  if  not  all,  of  the  absorbed  materials  are  found 
to  be  altered  during  their  visit  to  the  liver.  The  liver  proto- 
plasm has  the  power  of  giving  the  finishing  touch,  as  it  were,  to 
many  df  the  stuffs  on  their  way  to  assimilation,  and  of  convert- 
ing into  the  most  suitable  form  many  of  the  effete  materials 
that  are  on  their  way  to  elimination.  To  do  this  greater  powers 
than  those  commonly  ascribed  to  the  animal  tissues  are  required. 
We  have  ample  evidence  that  building  up,  as  well  as  the  more 
ordinary  breaking  down,  processes  take  place  in  the  liver.  In 
fact,  we  must  regard  it  as  the  great  chemical  laboratory  of  the 
blood,  where  not  only  many  important  analyses  are  made,  but 
also  many  syntheses  essential  to  life   are   accomplished   in  a 
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manner  inimitable  by  the  chemist  with  all  his  modern  labora- 
tory appliances. 

Among  the  most  striking  peculiarities  of  the  liver  may  be 
mentioned  the  following: — 

1.  In  the  adult  it  is  as  large  as  all  the  other  glands  of  the 
body  put  together,  relatively  larger  in  the  growing  animal,  and 
in  the  embryo  it  nearly  equals  in  weight  the  rest  of  the  fetus. 

2.  It  has  an  immense  and  double  blood  supply.  It  receives 
(i)  all  the  blood  of  the  portal  vein  coming  from  the  digestive 
tract  and  spleen,  or  from  the  placenta  in  the  fetus,  where  it 
has  been  enriched  by  absorption.  This  supply  of  blood,  which 
varies  much  in  amount,  after  meals  equals  one-fourth  of  all  the 
blood  in  the  body.  It  has  (2)  a  small  supply  of  arterial  blood 
from  the  hepatic  artery,  under  ordinary  arterial  pressure,  whereas 
the  portal  blood,  though  not  venous,  properly  so-called,  moves 
under  exceptionally  low  pressure,  its  amount  and  rate  depending 
on  the  circulation  in  the  digestive  organs. 

3.  The  nerves  entering  the  gland  are  insignificant,  scarcely 
more  than  would  be  expected  to  supply  the  ramifications  of  the 
hepatic  artery. 

4.  Although  developed  as  an  ordinary  compound  tubular  gland, 
the  cells  are  not  found  lining  the  lumen  of  ordinary  duct-radicles, 
and,  in  the  higher  animals  at  least,  it  shows  little  resemblance  to 
the  tubular  type  of  gland. 

5.  The  bile  is  collected  by  minute  channels  (bile  canaliculi) 
without  intrinsic  walls,  which  lie  between  the  glandular  cells  and 
open  into  the  ducts. 

6.  It  is  the  only  secretion  poured  into  the  intestine  during 
intra-uterine  life. 

7.  In  no  other  organ  are  ducts  found  so  rich  in  small  saccular 
glands  as  the  distinctly-walled  ducts  of  the  liver. 

8.  In  most  animals  a  diverticulum  from  the  duct,  the  gall- 
bladder, forms  a  receptacle  for  the  temporary  reception  of  the 
bile. 

9.  It  is  more  widely  distributed  in  the  animal  kingdom  than 
any  other  gland. 
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Structure  of  the  Liver. 
On  the  surface  of  the  liver  small  rounded  markings  about  the 
size  of  a  pin's  head  are  seen,  which  give  the  organ  a  mottled 

Fig.  149- 


Section  of  Lobule  of  Liver  of  Rabbit  in  wliich  the  Blood  Capillaries  and  Bile  Canaliculi 

have  been  Injected.    (Cadtat,) 

a,  intralobular  vein;  3,  interlobular  veins;  c,  biliary  canals  beginning  in  fine  capillaries. 


appearance.      This  is  much  more  striking  in    some  animals 
(giraffe,  bear,  pig)   than   others,  but  is  easily  recognizable  in 
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the  livers  of  all  mammalia.  These  little  areas  are  the  surfaces 
of  the  lobules  of  the  liver.  They  are  surrounded  by  a  dark  red 
boundary,  and  their  center  is  marked  by  a  dark  spot;  between 
these  there  is  a  paler  yellowish  zone.  The  dark  parts  corre- 
spond to  the  blood-vessels,  which  have  a  constant  relation  to 
the  lobules. 

The  entire  liver  is  made  up  of  these  little  lobules,  and  each 
one  of  them  has  the  same  constructiori  and  blood  supply,  and 
therefore  forms  in  itself  a  little  liver,  perfect  in  all  its  structural 
arrangements,  so  that  the  description  of  one  such  unit  will 
suffice  to  give  an  idea  of  the  structure  of  the  gland.  For  other 
details,  anatomical  works  must  be  referred  to. 

Blood- Vessels. — The  branches  of  the  \a.rgt  portal  vein  and 
those  of  the  small  hepatic  artery  pursue  the  same  course  through 
the  gland,  and  are  inclosed  in  a  sheath  of  connective  tissue 
(capsule  of  Glisson),  which  also  forms  the  bed  of  the  hepatic 
duct  and  its  numerous  tributaries.  If  these  vessels  be  followed 
to  their  final  ramifications,  they  are  found  to  pass  around  and 
between  the  neighboring  lobules.  The  branches  of  the  portal 
vein  in  this  situation  receive  the  name  of  the  interlobular  veins. 
They  anastomose  freely  with  the  terminal  veinlets  in  the  vicinity, 
so  as  to  form  a  network  round  each  lobule.  From  this  a  number 
of  capillary  vessels  pass  into  the  lobule,  and,  lying  between  the 
gland-cells,  form  a  network  with  long  meshes  converging  toward 
the  center.  These  are  the  lobular  blood  capillaries.  The  vessels 
of  this  radiating  capillary  network  become  larger  as  they  unite 
and  converge  to  the  center  of  the  lobule,  where  they  open  into 
a  central  vein  which  lies  in  immediate  apposition  with  the 
gland  cells.  This  vein  is  called  the  intralobular  vein,  and  is  the 
radicle  of  the  efferent  or  hepatic  veins,  which  carry  the  blood  of 
the  liver  to  the  inferior  vena  cava. 

The  ultimate  ramifications  of  the  hepatic  artery  can  be  traced 
to  various  destinations.  Some  pass  into  the  capsule  of  the  liver, 
the  walls  of  the  accompanying  vein  and  duct,  and  the  connective 
tissue  which  surrounds  these  vessels  and  forms  Glisson's  capsule. 
Many  of  the  arterial  capillaries  pass  with  offshoots  frotn  the 
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interlobular  venous  plexus  and  supply  the  tissue  between  the 
lobules.  Other  branches  form  a  lobular  capillary  plexus,  which 
joins  the  capillaries  of  the  vena  porta,  together  with  that  from 
the  walls  of  the  vein  and  duct. 

The  blood  flowing  to  the  liver  in  the  great  vena  porta  and  the 
hepatic  artery  is  thus  conducted  by  those  vessels  to  the  bound- 
aries between  the  lobules  (interlobular  veins),  and  thence  it 
streams  through  the  converging  lobular  blood  capillaries  to  reach 
the  intralobular  vein.  It  is  collected  from  the  latter  by  the 
sublobular  tributaries  of  the  hepatic  vein,  by  which  it  is  con- 
ducted back  to  the  general  circulation,  and  enters  the  heart  by 
the  inferior  vena  cava. 

Liver  Cells. — Between  the  meshes  of  the  lobular  capillaries 


Fig.  150. 
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Cells  of  the  Liver.  One  large  mass  shows  the  shape  they  assume  by  mutual  pressure. 
a,  the  same  free,_  when  they  become  spheroid ;  6,  more  magnified ;  c,  during  active 
digestion  containing  refracting  globules  like  fat. 


the  gland  cells  are  tightly  packed.     These  are  large,  soft,  poly- 
hedral cells,  with  one,  two,  or  even  more  nuclei,  and  no  trace 
of  a  limiting  membrane.     Owing  to  the  shape  of  the  capillary 
meshes  the  cells  are  placed  in  rows  radiating  from  the  center  of  ' 
the  lobule  toward  the  periphery. 

The  blood  capillaries  are  said  to  pass  along  the  angles  and 
edges  of  these  cell  blocks  so  as  not  to  come  into  close  relation 
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to  the  bile  canaliculi  (Figs.  151  and  152).     The  finely  granular 
protoplasm  of  the  liver  cells  is  capable  of  undergoing  some 


Fig.  151. 


Section  of  Injected  Liver,  showing  the  position  of  the  portal  branches  {interlobular  veins, 

vp)   and    radicles   of  hepatic  veins   {intralobular   veins,  hv)  connected    by  lobular 

capillaries. 
Below  is  a  portion  of  the  same  highly  magnified,    a,  liver  cell  with  («)  nucleus ;  b,  blood 

capillaries  cut  across,  passing  along  angles  of  cells  ;  c,  bile  capillaries  between  flattened 

sides  of  cells  cut  across.     {Huxley  J) 


slight  change   in   form   while   alive.^   In   the    protoplasm   are 


STRUCTURE   OF  THE   LIVER.  395 

situated  varieties  of  granules,  the  commonest  being  bright  re- 
fracting fat  globules,  which  vary  in  amount  with  the  food  and 
the  stages  of  digestion  ;  others,  of  a  yellow  color,  seem  connected 
with  the  coloring  matter  of  the  bile ;  and  a  third  variety,  less 
refracting  and  colorless,  is  said  to  be  glycogen. 

Bile  Canaliculi. — Between  the  cells  of  the  lobules  there 
can  be  demonstrated  very  fine  branching  canals,  which  appear 
to  be  formed  by  the  juxtaposition  of  grooves  which  lie  in  the 
middle  of  the  flat  surface  of  two  neighboring  cells.  Every 
liver  cell  is  related  to  at  least  one  such  canal,  and  consequently 

Fig.  152. 


Section  of  the  Liver  of  the  Newt,  in  which  the  Bile  Ducts  have  been  Injected.    The  canali- 
culi can  be  seen  through  the  transparent  liver  cells. 

a  very  dense  system  of  vessels  with  peculiarly  regular  diameters 
is  present  (Fig.  152)  among  the  cells  of  the  lobule,  each  mesh 
corresponding  in  size  to  one  cell. 

These  fine  intercellular  channels  are  called  lobular  bile  canal- 
iculi. They  are  easily  distinguished  from  lobular  blood  capil- 
laries, the  diameter  of  which  is  about  ten  times  as  great  as  that 
of  the  former,  and  they  have  a  definite  boundary  wall,  whilst 
the  bile  canaliculi  have  no  other  boundary  than  the  substance  of 
the  liver  cells,  between  the  juxtaposed  flat  surfaces  of  which  they 
lie.  They  are  said  to  communicate  by  direct  openings  into  the 
protoplasm  of  the  cells. 

These  fine  intercellular  bile  passages  are  described  as  com- 
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municating  freely  with  the  very  minute  interlobular  ducts  with- 
out undergoing  any  marked  increase  in  the  size.  The  inter- 
lobular ducts,  which  follow  the  course  of  the  artery  and  portal 
vein,  are  composed  of  a  delicate  basement  membrane  lined  with 
a  thin  layer  of  epithelium,  which  in  the  larger  vessels  shows  a 
cylindrical  character.  The  larger  bile  ducts  have  a  firm,  fibro- 
elastic  coat,  lined  by  a  definite  mucous  membrane  with  cylindrical 
epithelial  cells,  lying  upon  a  vascular  submucosa,  in  which  are 
scattered  numerous  mucous  glands  of  saccular  form. 

There  is  but  a  small  amount  of  connective  tissue  in  the  liver 
of  man  and  most  domestic  animals,  but  in  the  pig,  bear,  giraffe, 
and  others  it  is  present  in  considerable  quantity,  surrounding  the 
vessels  and  sending  processes  between  the  lobules  so  as  to  render 
the  individuals  distinct. 

The  lymphatics  are  very  plentiful,  and  in  intimate  relation  to 
the  blood-vessels. 

Functions  of  the  Liver. 
As  far  as  we  are  at  present  acquainted  with  the  functions  of  the 
liver,  we  may  group  them  under  the  following  heads  : — 

1.  Manufacture  of  bile  salts  and  pigments. 

2.  Elimination  of  injurious  constituents  from  the  blood. 

3.  Formation  of  the  urea  (nitrogenous  synthesis). 

4.  Formation  of  glycogen  (carbohydrate  synthesis). 

Manufacture  of  Bile  Salts. 

Our  knowledge  of  the  work  done  by  the  bile  in  digestion  goes 
but  a  short  way  to  explain  the  objects  of  its  manufacture  (p.  196). 

The  help  it  gives  the  pancreatic  secretion  in  forming  an  emul- 
sion, its  power  of  altering  the  surface  tension  between  the  fat 
particles  and  the  tissues,  or  its  stimulating  effect  on  the  activity 
of  the  epithelial  cells,  hardly  seems  of  sufficient  importance  to 
require  such  a  complex  secretion.  The  re-absorption  of  the  bile 
salts  from  the  intestine  suggests  that  they  are  not  mere  waste 
products,  but  have  a  definite  function  capable  of  endless  repeti- 
tion.    They  may  help  fat  absorption,  but  it  is  said   that  their 


FUNCTIONS  OF  THE  LIVER.  397 

absorption  takes  place  in  the  large  intestine,  and  not  with  the  fat. 
Their  re-absorption  is  certainly  necessary  for  the  adequate  secre- 
tion of  bile  salts,  which  falls  to  a  very  low  ebb  if  the  bile  be  re- 
moved by  a  fistula,  so  that  none  can  be  re-absorbed  from  the 
intestine.  The  secretion  of  bile  salts  regains  its  normal  standard 
if  the  bile  taken  from  a  fistula  be  subsequently  allowed  access  to 
the  intestinal  canal.  Can  the  bile  salts  have  some  connection 
with  the  synthetic  processes  in  the  liver,  which-  might  require 
their  repeated  circulation  through  that  organ  and  the  intestinal 
tract?  Or,  are  the  bile  acids  merely  neutral  travelers  carrying 
soda  from  the  liver  to  the  duodenum  to  neutralize  the  gastric  acid? 

Origin  of  Bile  Pigments. — We  may  assert,  as  already  men- 
tioned, that  the  coloring  matter  of  the  bile  represents  the  effete 
coloring  matter  of  the  blood.  Animals  with  colored  blood  have 
colored  bile.  Hematin  and  bilirubin  are  sufficiently  alike  in 
composition  to  suggest  some  close  relationship  between  them 
(Hematin  CszHsjNiOiFe,  Bilirubin  CsaHasNtOe). 

When  blood  escapes  in  mass  from  the  vessels  into  the  tissues, 
the  hematin  loses  its  iron,  and  after  a  time  crystals  of  a  substance 
called  hematoidin  appear.  ^  Hematoidin  is  isomeric,  and 
probably  identical,  with  bilirubin,  which  forms  similar  crystals. 

If  hemoglobin  freed  from  corpuscles  be  introduced  into  the 
portal  vein,  the  amount  of  pigment  in  the  bile  is  increased. 
When,  after  the  injection  of  chloroform,  etc.,  into  the  blood- 
vessels, the  hemoglobin  is  discharged  from  the  corpuscles,  it  is 
changed  to  bilirubin  by  the  liver,  and  appears  in  the  urine  as 
urobilin. 

In  severe  internal  hemorrhages  or  extravasations,  urobilin — 
i.  e.,  the  form  which  bilirubin  assumes  in  the  urine — also  appears 
in  the  urine  in  unusual  quantity. 

Under  certain  conditions,  when  the  blood  discs  are  rapidly 
destroyed,  hemoglobin  may  appear  in  the  urine  unchanged. 

It  is  certainly  possible  for  a  substance  (hematoidin)  similar  to 
a  bile  pigment  to  arise  from  hemoglobin  independently  of  the 
liver.  Yet  there  can  be  but  little  doubt  that,  under  normal 
circumstances,  the  liver  is  the  organ  in  which  the  change  from 
hemoglobin  to  bilirubin  takes  place. 
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Uremic  Function  of  the  Liver. 
Urea  practically  represents  all  the  nitrogenous  metabolism  of 
the  body,  so  that  every  tissue  in  which  nitrogenous  material  is 
used  up  must  in  some  way  contribute  to  the  production  of  this 
end-product.  It  is  said  to  be  present  in  all  the  organs  and 
tissues,  but  the  amount  found  in  most  of  them  is  so  insignificant 
that  it  does  not  seem  to  correspond  with  the  daily  output  by  the 
kidneys.  Although  it  is  the  most  important  solid  ingredient  of 
the  urine,  the  urea  is  certainly  not  manufactured  by  the  kidneys. 
This  may  be  gathered  from  the  following  facts : — 

1.  It  is  known  to  accumulate  in  the  body  during  any  disease 
which  lowers  the  efficacy  of  the  kidneys. 

2.  After  extirpation  of  these  organs,  the  urea  in  the  blood  has 
been  found  to  increase  fourfold  in  about  twenty-four  hours. 

3.  If  blood  containing  ammonium  carbonate  (which  in  the 
liver  gives  rise  to  urea)  be  made  to  stream  through  the  kidney, 
no  urea  is  formed,  though  we  know  the  kidney  can  make 
hippuric  acid  from  glycocin  and  benzoic  acid  supplied  in  this 
manner. 

In  searching  for  a  source  of  urea,  physiologists  naturally  first 
turned  to  muscle,  which  makes  up  half  of  the  body  weight  of 
most  animals.  Here  practically  no  urea  was  found,  but  in  its 
stead  a  large  quantity  (about  ninety  grams  for  an  adult)  of  a 
nitrogenous  body  called  kreatin.  Neither  this  nor  kreatinin 
appear  in  the  urine  in  anything  like  an  amount  equivalent  to 
the  above,  but  it  is  significant  that  urea  can  be  made  from  either 
of  them. 

Urea  cannot  be  made  artificially  from  proteid.  Although 
this  fact  is  not  a  conclusive  argument  against  its  being  sepa- 
rated from  proteid  directly,  as  a  neutral  compound,  in  the  body, 
where  vital  activity  holds  sway,  it  and  other  facts  suggested  the 
idea  that  the  formation  of  urea  was  a  change  secondary  to  that 
occurring  in  the  actual  tissue  metabolism.  The  belief  that 
precursors  of  urea  were  formed  in  the  tissues  is  supported  by  the 
fact  that  it  can  be  made  from  certain  substances  found  in  the 
tissues,  notably  from  kreatin,  as  has  just  been  mentioned. 
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Physiologists  have  sought  diligently  for  these  precursors  of 
urea,  but  so  far  with  but  indifferent  success,  and  we  must  admit 
we  are  in  complete  ignorance  of  the  early  or  intermediate  stages 
of  its  formation. 

The  following  substances  have  been  given  the  credit  of  form- 
ing intermediate  steps  in  the  formation  of  urea  : — 

1.  Amido- acids :  glycocin,  aspartic  acid,  leucinj  tyrosin,  etc. 
Concerning  tyrosin  evidence  is  still  wanting,  but  as  regards  the 
other  substances  it  has  been  shown  that  when  they  are  intro- 
duced into  the  intestine,  or  into  the  blood-vessels,  the  amount 
of  urea  is  increased. 

2.  Ammonium  carbonate  :  is  nearly  related  to  urea  chemically, 
and  if  given  to  dogs  gives  rise  to  an  increased  excretion  of  urea. 
Ammonium  chlorid  is  said  to  have  had  the  same  effect  in 
rabbits. 

3.  Uric  acid.  From  this  substance  (which  quite  replaces  urea 
in  the  urine  of  birds,  reptiles,  etc.)  urea  can  be  artifically  made, 
and  in  mammalia,  under  certain  circumstances,  uric  acid  seems 
to  increase  in  proportion  as  urea  decreases. 

4.  Kreaiin.  Urea  can  be  made  from  this  substance,  which, 
in  muscle  alone,  is  produced  in  much  larger  quantities  than  it 
appears  in  the  urine.     How  is  it  then  eliminated  if  not  as  urea  ? 

5.  Cyanic  acid  or  cyanates  have  been  suggested  from  their 
near  chemical  relationship  to  urea  (see  page  74). 

The  small  proportion  of  urea  found  in  the  blood  (two  grams) 
compared  with  that  excreted  (30  grams  per  diem)  supports 
the  view  that  the  direct  result  of  nitrogenous  metabolism  is  not 
urea,  but  certain  bodies  capable  of  producing  urea. 

The  question  now  arises,  where  is  this  production  of  urea 
accomplished? 

Many  circumstances  confirm  the  view  that  the  changes  occur 
in  the  liver,  and  we  now  believe  that  the  liver  is  by  far  the  most 
important  source  of  urea  in  the  body. 

Its  position  in  the  course  taken  by  the  blood  coming  from  the 

intestine  would  alone  suggest  that  the  liver  builds  up  urea  from 

these  compounds,  for  this  blood  contains  a  quantity  of  the  amido- 

acids,  which  have  been  shown  experimentally  to  give  rise  to  urea. 

34 
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This  appears  all  the  more  probable  when  we  consider  the  close 
relationship  between  the  quantity  of  proteid  food  eaten  and 
the  urea  excreted,  and  the  fact  that  an  increased  excretion  of 

urea  accompanies  any  in- 
creased activity  of  the 
liver  from  any  cause, 
either  biliary  or  glyco- 
genic. 

Pathology  leads  to  the 
same  conclusion.  In  all 
diseases  in  which  the 
functional  activity  of  the 
liver  cells  is  impaired, 
the  amount  of  urea  ex- 
creted is  reduced,  and  in 
its  stead  certain  of  its 
precursors  appear  in  the 
urine. 

To  gain  additional  evi- 
dence as  to  this  function 
of  the  liver,  one  would 
naturally  turn  to  its  ex- 
perimental excision.  But 
in  mammals  this  adds 
nothing  to  our  know- 
ledge, because  the  extir- 
pation of  the  organ,  or 
ligature  of  all  its  vessels,  so  soon  results  in  death  that  there 
is  no  time  for  the  processes  we  wish  to  investigate  to  be  carried 
out.  Attempts  to  convey  the  portal  blood  directly  to  the  vena 
cava  have  so  far  not  given  satisfactory  results. 

Experiments  of  a  less  radical  nature  have  been  made,  and  have 
yielded  interesting  facts.  It  has  been  mentioned  that  ammonia 
is  supposed  to  be  an  antecedent  of  urea.  Its  administration, 
wrapped  up  in  slices  of  meat,  to  dogs,  caused  an  increase  of 
urea  much  greater  than  could  be  accounted  for  by  the  meat  alone. 
It  was  shown  more  directly,  in  the  case  of  the  liver  removed 


Diagram  of  the  Portal  Vein,  pv^  arising  in  the  ali- 
mentary tract  and  spleen,  j,  and  carrying  the 
blood  from  these  organs  to  the  liver. 
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from  a  dog,  that  if  a  stifeam  of  fresh  blood  containing  carbonate 
of  ammonia  be  caused  to  circulate  repeatedly  through  the  organ, 
after  a  few  hours  the  amount  of  urea  in  the  blood  was  increased 
threefold.  In  a  control  experiment,  with  the  carbonate  of 
ammonia  omitted,  no  increase  of  urea  occurred  in  the  livers  of 
fasting  dogs.  This  seems  strong  evidence  that  the  liver  cells  can 
form  urea  synthetically  from  carbonate  of  ammonia. 

The  difficulty  met  with  in  experimenting  on  the  liver  of  mam- 
mals is  not  found  in  the  case  of  birds.  In  the  latter  the  blood 
of  the  portal  tributaries  can  reach  the  vena  cava  through  the 
renal  vessels,  which  are  connected  with  the  portal  system  by  a 
special  vein.  Thus  the  stasis  in  the  intestinal  tract  does  not 
necessarily  follow  ligature  of  the  vena  porta  or  extirpation  of  the 
liver.  It  has  in  this  way  been  shown,  by  an  extensive  series  of 
experiments  on  geese,  that  after  extirpation  of  the  liver  the  fol- 
lowing changes  in  the  secretion  of  the  kidneys  can  be  found  : — 

1.  The  aggregate  amount  of  the  nitrogenous  substances  was 
reduced  to  about  half  the  normal  amount. 

2.  The  urates  (the  main  nitrogenous  end-product  in  birds' 
urine)  were  reduced  from  a  normal  of  about  60  per  cent,  to  three 
per  cent. 

3.  The  ammonia  increased  from  a  normal  of  about  nine  per 
cent,  to  50  per  cent. 

4.  Urea  introduced  into  the  circulation  appeared  in  the  urine 
as  urea,  and  was  not — as  would  normally  occur  in  the  bird — 
converted  into  uric  acid. 

5.  Large  quantities  of  lactic  acid  (normally  unknown  in  the 
urine  of  geese)  was  found  in  the  urine.  The  amount  was  equi- 
valent to  the  amount  of  ammonia.  The  appearance  of  a  large 
amount  of  lactic  acid  is  important  in  connection  with  the  amount 
produced  by  muscle. 

It  was  concluded :  (a)  that  ammonia  is  a  normal  antecedent 
of  uric  acid,  (^)  that  the  latter  is  formed  by  synthesis  from 
ammonia  and,  probably,  lactic  acid,  (c)  that  this  synthesis  can 
only  occur  in  the  body  when  the  liver  is  acting. 

Though  only  referring  to  uric  acid  and  not  urea,  these  results 
are  interesting  in  relation  to  the  origin  of  the  latter.     Uric  acid 
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replaces  urea  in  birds'  urine,  and  is  the  chief  nitrogenous  end- 
product  into  which  urea,  amido-acids,  ammonium  carbonate  and 
formate,  or  hypoxanthin  is  invariably  converted.  The  analogy 
is  obvious,  and  points  to  the  liver  as  the  active  organ  in  bringing 
about  the  syntheses. 

Glycogenic  Function  of  the  Liver. 

A  remarkable  function  of  the  liver  is  the  production  of  a 
material  of  great  interest  to  physiologists,  viz.,  "  animal  starch," 
which  has  been  thought  to  represent  in  the  animal  kingdom  the 
starch  stored  up  in  vegetable  tissues.  It  is  widely  spread 
throughout  the  body,  and  seems  essential  to  the  growth  and 
nutrition  of  all  the  tissues,  as  indicated  by  the  relatively  large 
amount  in  the  rapidly-growing  tissues  of  the  embryo. 

It  was  discovered  by  Claude  Bernard,  who  called  it  glycogen, 
from  the  readiness  with  which  it  was  converted  into  sugar  by 
diastatic  ferments.  He  found  that  this  change  took  place  in  the 
liver  after  its  removal  from  an  animal,  and  in  a  lesser  degree 
during  life,  when  the  sugar  was  removed  by  the  blood.  From 
this  he  concluded  that  glycogen  was  stored  in  the  liver  until  i-t 
was  required  by  the  tissues,  when  it  was  served  out  by  the  liver 
in  the  form  of  sugar. 

Glycogen. 
In  chemical  composition  it  closely  resembles  starch.     It  is  con- 
verted into  dextrose  by  dilute  acids,  and  into  maltose  by  saliva, 
pancreatic  juice,  or  the  diastatic  ferments  found  in  the  tissues. 

This  change  occurs  rapidly  after  the  removal  of  the  liver  or 
the  death  of  the  animal,  and  hence  it  has  been  supposed  that  a 
ferment  is  present  in  the  liver  tissue,  being  formed  by  the  dying 
cells. 

The  sugar  formed  by  the  liver  during  life  and  found  in  the 
blood  is  dextrose,  not  maltose.  This  fact  and  the  similarity  of 
the  post-mortem  hydrolysis  to  other  fermentive  processes  seem 
to  throw  a  doubt  on  the  theory  that  the  formation  of  sugar  in 
the  dying  liver  is  the  result  of  the  vital  activity  of  the  cells, 
and  not  due  to'the  presence  of  a  ferment. 
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After  a  time  all  the  glycogen  disappears  from  the  liver  and  is 
replaced  by  maltose,  the  relative  amounts  of  each  being  equiva- 
lent to  each  other,  and  in  proportion  to  the  time  that  has 
elapsed  since  the  animal's  death.  If  a  piece  of  liver  be  exam- 
ined immediately  after  death,  there  is  only  a  trace  of  sugar  in 
the  tissue. 

The  mode  of  preparation  of  glycogen  depends  upon  the  fore- 
going facts.  The  perfectly  fresh  liver  taken  from  an  animal 
killed  during  digestion,  four  hours  after  a  meal  rich  in  carbo- 
hydrates, is  rapidly  subdivided  and  placed  in  boiling  water 
acidulated  with- acetic  acid.  When  the  liver  cells  have  been 
coagulated  by  heat,  and  the  formation  of  the  ferment  stopped, 
the  pieces  of  liver  are  rubbed  to  a  pulp  in  a  mortar,  and  then 
reboiled  in  the  same  fluid  and  allowed  to  stand  until  fully  ex- 
tracted. The  liquor  is  then  filtered,  and  from  the  filtrate  the 
remaining  albuminous  substances  are  precipitated  with  potassio- 
mercuric  iodide  and  hydrochloric  acid,  and  removed  on  a  filter. 
From  the  filtrate  the  glycogen  may  be  precipitated  by  excess  of 
alcohol,  caught  on  a  filter,  washed  with  ether  to  remove  fat,  and 
dried. 

"Y^iS. properties  of  glycogen,  thus  prepared,  are  the  following: 
It  is  a  white  amorphous  powder  without  smell  or  taste,  forming 
a  remarkably  opalescent  solution  in  water,  which  becomes  clear 
on  the  addition  of  caustic  alkalies.  It  is  insoluble  in  alcohol  or 
ether.  With  a  solution  of  iodin  it  gives  a  wine-red  color,  and 
not  blue,  like  starch,  which  it  otherwise  much  resembles  in 
chemical  characters. 

It  is  widely  distributed  throughout  the  tissues,  being  abundant 
in  many  other  parts  besides  the  liver,  namely,  in  the  muscles,  all 
protoplasm,  inflamed  organs,  and  pus,  and  in  all  the  tissues  of 
the  embryo ;  in  short,  where  any  very  active  tissue  change  or 
growth  is  going  on  some  glycogen  can  be  found. 

The  origin  of  glycogen  is  easily  traced  to  the  liver.  Some 
light  is  thrown  upon  its  antecedents  by  the  fact  that  the  amount 
of  glycogen  in  the  liver  depends  in  a  great  measure  on  the  kind 
and  quantity  of  food  used.  It  rapidly  increases  with  a  full  and 
decreases  with  a  spare  diet,  though  it  never  disappears  even  in 
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prolonged  starvation.  The  amount  of  glycogen  depends  much 
more  on  the  quantity  of  carbohydrate  than  of  proteid  food,  for 
it  rapidly  rises  with  increase  in  the  quantity  of  sugar  taken,  and 
falls  when  pure  proteid  (fibrin)  free  from  carbohydrate  is  used. 
Although  the  large  supply  of  glycogen  normally  manufactured 
in  the  liver  is  probably  derived  from  the  sugar  of  the  food,  we 
must  not  conclude  from  this  that  the  liver  cells  cannot  make 
glycogen  from  other  materials,  for  glycerin  in  the  food  increases 
the  amount.  Possibly  anything  that  suffices  for  the  nutrition  of 
their  own  protoplasm,  and  gives  an  adequate  supply  of  material 
for  their  function,  enables  the  cells  to  produce  glycogen. 
It  is  increased  in  the  starving  animal  by  pure  proteid  food. 
The  slow  rate  at  which  glycogen  disappears  in  starvation  would 
seem,  in  this  case,  to  point  to  its  origin  from  proteid. 

Fatty  food  has  no  power  to  augment  the  amount  of  hepatic 
glycogen. 

The  glycogen  in  the  liver  diminishes  rapidly  after  active 
muscular  exercise  in  certain  diseases,  and  after  the  administra- 
tion of  certain  poisons,  e.g.  strychnin,  which  causes  muscular 
spasms,  and  curara,  which  paralyzes  the  vaso-motor  nerves. 

The  destiny  and  physiological  application  of  glycogen  have 
been  for  some  time  vexed  questions.  Whether  it  is  converted 
into  sugar,  and  as  such  carried  off  by  the  blood  to  the  tissues, 
or  whether  it  is  simply  distributed  as  glycogen,  is  disputed  by 
different  observers,  while  others  say  glycogen  is  a  step  in  the 
formation  of  fats  out  of  carbohydrates. 

The  want  of  clear  evidence  on  the  subject,  together  with  the 
obvious  chemical  difficulties,  force  us  to  abandon  the  theory  that 
fat  can  be  an  immediate  outcome  of  liver  glycogen,  though  we 
must  admit  that  carbohydrates,  or  any  form  of  nutriment,  may 
indirectly  aid  in  the  ultimate  formation  of  fat  by  the  protoplasm 
of  the  animal  tissue. 

It  seems  probable  that  glycogen  forms  the  general  carbo- 
hydrate nutriment  of  the  growing  and  active  tissues,  particularly 
muscle,  which  uses  up  a  great  quantity  in  its  active  state. 

The  difficulty  of  accurately  determining  the  exact  amount  of 
either  sugar  or  glycogen  present  in  the  blood,  which  contains 
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SO  small  an  amount  of  either  (under  .i  per  cent,  of  sugar  and 
traces  of  glycogen)  makes  such  estimates  an  unsatisfactory  basis 
for  physiological  views.  The  weight  of  evidence  seems  to  be  in 
favor  of  sugar  being  more  plentiful  in  hepatic  than  portal  blood, 
therefore  it  should  be  the  form  assumed  by  the  carbohydrate 
for  traveling  through  the  system.  Carbohydrate  appears  to  be 
required  in  the  tissues  in  the  form  of  glycogen. 

Diabetes. 

As  the  symptom  called"  by  pathologists  Diabetes  has  no 
anatomical  entity  as  a  disease,  it  is  allowable  here  to  mention 
some  of  the  questions  that  suggest  themselves  to  physiologists  on 
the  subject  of  glycosuria.  It  consists  in  the  appearance  of  an 
amount  of  sugar  (4  to  12  per  cent.)  sufficient  to  raise  the  sp.  gr. 
of  the  urine,  which  is  correspondingly  increased  in  bulk,  from 
1030  to  1050. 

Normally  there  is  no  sugar  in  the  urine.  How  does  it  come 
to  be  present  in  diabetes  ?  Is  the  kidney  at  fault,  or  is  there  an 
excessive  quantity  of  sugar  in  the  blood? 

Its  presence  in  the  urine  does  not  seem  to  depend  on  any 
failure  on  the  part  of  the  kidney,  for  the  following  reasons  : — 

1.  It  is  not  a  common  symptom  of  disease  of  the  kidney.  No 
lesion  of  the  kidneys  is  found  in  the  early  stage  of  even  the 
most  severe  cases,  and  the  gland  performs  all  its  other  functions 
thoroughly. 

2.  If  the  kidney  deprived  the  blood  of  its  sugar  there  ought  to 
be  less  in  the  circulating  fluid,  but  there  is  always  an  excess, 
the  sugar  being  increased  from  .1  to  .4  per  cent.,  in  some  cases. 

3.  Sugar  occurs  temporarily  in  the  urine  as  a  result  of  many 
great  general  disturbances  of  the  circulation,  which  have  less 
influence  on  the  kidney  than  on  other  organs. 

Of  the  causes  of  fatal  diabetes  we  are  quite  ignorant.  The 
transient  glycosuria  of  some  fevers,  etc.,  probably  depends  on 
vaso-motor  disturbances  set  up  by  them.  We  can  enumerate 
certain  causes  of  so-called  artificial  glycosuria,  viz.: — 

(i)  A  reducing  substance  relating  to  the  carbohydrates — 
glycuronic  acid,  formerly  thought  to  be  sugar — is  found  in  the 
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urine  after  the  use  of  chloroform,  chloral,  morphia,  curara,  and 
other  drugs. 

(2)  Puncture  of  the  floor  of  the  fourth  ventricle  causes  severe 
glycosuria,  which,  however,  passes  off  in  a  few  days  if  the 
animal  survive  the  operation. 

(3)  Complete  extirpation  of  the  pancreas  gives  rise  to  severe 
glycosuria,  which  is  said  to  be  permanent. 

The  next  question  is,  why  does  this  excess  of  sugar  appear  in 
the  blood  ?  Does  the  surplus  depend  upon  (i)  diminished 
demand  for  carbohydrate  in  the  tissues  which  can  no  longer 
use  it?  or  (2)  is  there  an  increased  output  of  sugar  from  the 
liver  ? 

The  view  that  the  power  of  decomposing  the  sugar  is  lost  by 
the  tissues  (muscle)  is  supported  chiefly  by  chemical  argument, 
but  the  evidence  that  the  demand  for  sugar  is  lessened  in  muscle, 
to  such  a  degree  as  to  give  rise  to  so  large  a  surplus  in  the  blood, 
is  too  slight  to  upset  some  broader  considerations.  In  diabetes 
the  muscles  are  able  to  do  their  work,  and  therefore  a  fair 
amount  of  sugar  must  be  used  to  supply  the  energy.  If  want  of 
demand  by  the  muscles  were  the  cause  of  the  surplus  sugar,  we 
should  expect  to  find  glycosuria  as  a  regular  concomitant  of 
muscular  paralysis. 

That  the  excess  of  sugar  in  the  blood  depends  on  increased 
income  from  the  liver  is  rendered  probable  by  the  following 
facts : — 

(i)  The  amount  of  surplus  sugar  in  the  blood  (t.  e.,  found  in 
the  urine)  has  a  definite  relation  to  the  amount  of  carbohydrate 
food.     No  such  equivalence  is  found  in  the  normal  animal. 

(2)  Temporary  and  "artificial"  glycosuria  is  always  con- 
nected with  great  disturbance  of  the  general  blood  pressure, 
which  has  more  influence  on  the  liver  than  on  any  other  organ,  for 
the  liver  is  uniquely  helpless  with  regard  to  its  blood  supply 
from  the  portal  vein. 

(3)  The  first  principle  of  the  glycogenic  function  of  the  liver 
is  to  regulate  the  percentage  of  sugar  in  the  blood. 

We  are  therefore  entitled  to  conclude  that  glycosuria  depends 
on  some  disturbance  of  the  glycogenic  function  of  the  liver. 
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but  of  how  the  latter  is  brought  about  in  chronic  diabetes  we  are 
so  far  quite  ignorant. 

The  fact  above  referred  to  concerning  the  pancreas  may  in 
time  give  us  some  light,  but  at  present  the  demonstration  that 
its  total  removal  causes  acute  glycosuria  remains  a  mystery. 
The  influence  of  the  pancreas  cannot  be  exerted  through  the 
medium  of  its  secretion  entering  the  intestine,  for  even  a  small 
scrap  of  the  tail  of  the  gland,  quite  cut  off  from  its  connection 
with  the  gut,  if  left  in  situ  seems  to  suffice  to  prevent  sugar 
appearing  in  the  urine.  For  the  same  reason  the  glycosuria 
cannot  be  attributed  to  operative  injury  of  the  solar  plexus  or 
the  nerves  of  the  liver,  for  these  are  as  much  injured  when  only 
the  main  part  of  the  gland  is  removed  as  when  it  is  extirpated 
in  its  entirety. 
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CHAPTER  XX. 

SURFACE  GLANDS. 

The  secretions  which  are  poured  into  the  alimentary  tract 
have  been  already  described  in  the  chapter  on  Digestion.'.  There 
are  other  glands  which  may  now  be  conveniently  considered. 
They  are  subservient  to  very  different  functions,  some  having 
merely  local  offices  to  perform,  and  others  having  duties  allotted 
to  them  of  the  greatest  general  importance  to  the  economy. 
This  becomes  obvious  from  a  glance  at  the  following  enumera- 
tion of  glandular  organs. 

I.  Secreting  glands  (other  than  those  forming  special  digestive 
juices) : — 

Lachrymal. 

Mucous. 

Mammary. 

Sebaceous. 


II.  Excreting  glands  :- 


Sudorific. 
Urinary. 


,  ^    Lachrymal  Glands. 

'        1  ■  J .  /   / 

Most  vertebrate  animals  that  live  in  air  have  a  gland  in  con- 
nection with  the  surface  of  their  eyes,  which  secretes  a  thin 
fluid  to  moisten  the  conjunctiva.  This  fluid  passes  from  the 
eye  into  the  nasal  cavity,  and  helps  to  supply  the  inspired  air 
with  moisture. 

The  lachrymal  fluid  is  clear  and  colorless,  with  a  distinctly 
salty  taste  and  alkaline  reaction.  It  contains  only  about  one 
per  cent,  of  solids,  in  which  can  be  detected  some  albumin, 
mucus,  and  fat  (one  per  cent.),  epithelium  (one  per  cent.),  as 
well  as  sodium  chlorid  and  other  salts  (.8  per  cent.). 
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The  secretion  is  produced  continuously  in  small  amount,  but 
is  subject  to  such  sudden  increase  that  it  cannot  all  escape  by 
the  nasal  duct,  but  overflows  as  tears.  This  excessive  secretion 
may  be  induced  by  the  application  of  stimuli  to  the  conjunc- 
tiva, the  lining  membrane  of  the  nose,  or  the  skin  of  the  face, 
or  by  strong  stimulation  of  the  retina,  as  when  one  looks  at  the 
sun.  A  similar  increase  of  secretion  follows  certain  emotional 
states  consequent  on  grief  or  joy.  These  facts  show  that  the 
secretion  of  the  gland  is  under  nervous  control ;  the  impulses 
exciting  secretion,  starting  either  from  some  sensory  organ  at 
the  periphery,  or  from  the  emotional  centers  in  the  brain  and 
passing  along  the  sensory  branches  of  the  fifth,  or  along  the 
optic  nerve,  are  reflected  in  the  bulb  and  arrive  at  the  gland  in 
the  fifth  nerve.  The  amount  of  secretion  can  also  be  augmented 
by  direct  stimulation  of  the  lachrymal  nerves,  which  ate  the 
efferent  channels  for  the  secretory  impulse. 

Mucous  Glands 

In  connection  with  secretions  of  the  mouth,  stomach,  etc., 
mention  has  been  made  of  glands  which  are  elongated  saccules, 
lined  with  clear  cells,  with  highly  refracting  contents  (Fig. 
154).  They  are  distributed  over  all  mucous  membranes,  and 
are  the  chief  source  of  the  tenacious,  clear,  alkaline,  and  taste- 
less secretion  called  mucus. 

This  material  contains  about  five  per  cent,  of  solid  matters, 
of  which  the  chief  is  mucin,  a  widely  distributed  body  which 
swells  up  in  water  and  gives  the  peculiar  tenacity  to  the  fluid. 
It  is  precipitated  by  weak  mineral  and  acetic  acids.  The 
precipitate  with  the  latter  does  not  redissolve  un  an  excess  of 
the  acid,  which  test  distinguishes  it  from  its  chemical  allies. 
Mucin  is  not  precipitated  by  boiling.  It  is  regarded  as  a 
glucoside,  made  up  of  a  proteid  and  animal  gum,  which  may 
be  hydrated  to  sugar.  Mucus  also  contains  traces  of  fat  and 
albumin  and  inorganic  salts,  viz.,  sodium  chlorid,  phosphates 
and  sulphates,  and  traces  of  iron. 

The  fluid  is  secreted  either  by  special  mucous  glands  or  by 
the  epithelium  of  the  mucous  surfaces.     The  cells  produce  a 
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material  in  their  protoplasm  which  may  often  be  seen  to  swell 
them  out  to  a  considerable  extent.  This  clear  substance  is  then 
expelled,  and  the  altered  cells  are  repaired  or  replaced.  Many 
form-elements,  remains  of  epithelial  cells,  are  found  in  the  secre- 
tion, and  also  round,  nucleated  masses  of  protoplasm  similar  to 
white  blood  corpuscles  after  the  imbibition  of  water.  In  the 
abnormal  secretion  of  a  mucous  surface  during  inflammation 
these  mucous  corpuscles  are  greatly  increased,  so  that  the  secre- 
tion may  become  opaque,  and  may  appear  to  be  purulent. 

Fig.  154. 


Section  of  the  Mucous  Membrane  of  the  Upper  Part  of  the  Nasal  Cavity,  showing 
numerous  mucous  glands  cut  in  various  directions,  a,  surface  epithelium ;  ^,  gland 
saccule  lined  with  secreting  cells ;  c,  connective  tissue.    {Cadiai.) 


The  chief  object  of  the  secretion  seems  to  be  to  protect  the 
mucous  surfaces,  which  are  rich  in  delicate  nerves  and  vessels, 
and  are  subjected  to  many  injurious  influences  of  a  chemical  or 
mechanical  nature. 

Sebaceous  Glands. 
These  belong  to  the  outer  skin,  and  open  into  the  follicles  of 
the  hairs.     They  also  appear  on  the  free  surface  of  the  lips  and 
prepuce,  etc.,  where  no  hairs  exist. 
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Their  secretion  cannot  be  collected  in  great  quantity,  but  as 
far  as  can  be  made  out,  it  is  composed  of  neutral  fat,  soap,  an 
albuminous  body  allied  to  casein,  organic  salts,  and  wkter,  about 
60  per  cent. 

The  secretion  contains  the  remains  of  numerous  epithelial 
cells  undergoing  a  peculiar  kind  of  fatty  change.  These  cells 
are  gradually  broken  down  during  their  sojourn  in  the  alveoli. 
The   secretion  is  finally  pressed  out   by  the  band    of   smooth 


Fig.  155. 


Section  of  Skin,  sliowing  tiie  roots  of  tliree  hairs  and  two  large  sebaceous  glands,  d, 

{Cadiat.) 


muscle  which  embraces  the  gland  and  squeezes  it  against  the 
hair  follicle. 

The  purpose  of  this  secretion  is  to  lubricate  the  surface  with  a 
fatty  material.  The  Meibomian  glands  of  the  eyelids  are  analo- 
gous structures,  and  are  specially  arranged  for  the  lubrication  of 
the  ciliary  margin.  The  glands  about  the  prepuce  and  clitoris 
are  also  analogous  to  the  sebaceous  glands;  in  some  animals 
(Castor)  they  secrete  a  peculiarly  odoriferous  material. 
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Mammary  Glands. 

These  glands  are  characteristic  of  animals  that  bring  forth 
their  young  alive  (mamraalia).  The  secretion  of  milk  only  takes 
place,  under  normal  circumstances,  after  pregnancy,  and  con- 
tinues for  a  limited  period.  The  activity  of  the  gland  commences 
in  the  later  stages  of  pregnancy,  and  then  continues,  if  the 
secretion  be  regularly  withdrawn  from  the  gland,  for  some  nine 
to  twelve  months. 

During  pregnancy  the  breasts  undergo   certain   preparatory 


Section  of  Mammai-y  Gland  during  Active  Lactation  (Human). 
a,  saccules  lined   with    regular   epithelium ;    ^,  connective   tissue   between  the  alveoli. 
( Cadiat). 

changes  prior  to  the  appearance  of  the  milk.  They  increase  in 
bulk,  owing  to  the  greater  blood  supply  and  to  certain  changes  in 
the  cell  elements  of  the  compound  saccular  glands.  Each  breast 
contains  a  series  of  some  ten  to  twelve  glands  with  distinct  ducts ; 
upon  these  there  are  dilatations  that  act  as  reservoirs  in  which, 
during  active  lactation,  the  secretion  is  stored  until  needed. 

The  alveoli  are  chiefly  saccular  in  form,  and  are  lined  with  a 
single  layer  of  glandular  epithelium.  During  active  lactation 
they  contain  but  little  fat,  though  in  the  later  stages  of  pregnancy. 
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before  the  secretion  is  established,  the  cells  contain  quantities  of 

large  fat  globules. 

Milk. 

Human  milk  is  a  yellowish  white,  perfectly  opaque,  sweetish 
fluid,  with  alkaline  reaction  and  sp.  gr.  about  1030.  The  milk 
of  carnivora  is  acid.  When  exposed  to  the  air  in  warm  weather, 
the  cow's  milk,  which  is  used  for  investigation,  soon  loses  its 
alkalinity,  first  becoming  neutral  and  subsequently  acid ;  the 
milk  is  then  said  to  have  "  turned  sour,"  but  its  appearance  is 
not  at  first  changed.  This  turning  sour  depends  upon  a  change 
brought  about  in  the  milk  sugar  by  means  of  fermentation.  The 
milk  sugar,  in  the  presence  of  a  special  bacillus,  takes  up  water  to 
form  galactose,  and  then  lactic  acid.  When  the  quantity  of  lactic 
acid  is  great,  it  not  only  makes  the  milk  sour,  but  also  causes  it 
to  crack,  or  curdle,  i.  e.,  it  precipitates  caseinogen.  This  albu- 
minous body,  when  precipitated,  entangles  the  fat  of  the  milk, 
and  we  have  thus  formed  the  curd  of  cracked  milk,  whilst  the 
fluid  whey  consists  of  the  water,  acid,  salts,  and  remaining  milk 
sugar. 

The  change  brought  about  by  the  ferment  know  as  rennin, 
which  curdles  milk  in  gastric  digestion  (seep.  179),  must  be 
distinguished  from  the  above.  The  gastric  fermentation  is  a 
true  clotting  or  coagulation,  i.  e.,  change  of  caseinogen  into 
casein.  Human  milk  when  curdled  by  rennet  gives  a  flocculent 
clot  unlike  the  gelatinous  curd  of  cow's  milk. 

The  curdling  of  milk  is  never  produced  by  boiling  fresh  milk, 
because  the  chief  proteid  is  caseinogen,  which  does  not  coagulate 
by  heat. 

Milk  consists  of  a  fine  emulsion  of  fat,  the  suspended  particles 
of  which  are  said — on  account  of  the  difficulty  of  extracting  the 
fat  with  ether,  without  the  previous  use  of  alkalies — to  be  kept 
from  running  together  by  a  superficial  coating  of  dissolved  casein- 
ogen. When  left  at  rest  the  light  fatty  particles  float  to  the  top, 
but  do  not  run  together.  If  kept  clean  and  in  a  cool  place,  in 
some  hours  a  thick,  yellow  layer  collects  on  the  top  of  the  milk. 
The  thickness  of  this  cream  may  be  taken  as  a  gauge  of  the  rich- 
ness of  the  milk. 
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When  the  mammary  glands  commence  to  secrete,  the  milk  is 
called  colostrum,  and  contains  numerous  peculiar  structural  ele- 
ments which  subsequently  disappear  from  the  secretion,  but 
which  are  of  considerable  interest  in  relation  to  the  physiological 
process.  These  are  the  colostrum  corpuscles,  which  consist  of 
large,  spherical  masses  of  fine  fat  globules  .held  together  by  the 
remains  of  a  gland  cell,  which  encloses  them,  and  in  which  at 
times  a  nucleus  can  be  recognized. 

Chemical  Composition. 

The  most  remarkable  point  about  the  chemical  composition 
of  milk  is  the  large  proportion  of  proteids  and  fat  it  contains. 
This  fact  renders  it  unique  among  the  secretions. 

Proteids.  There  are  two  distinct  proteid  bodies  present,  viz.  : 
(i)  Caseinogen,  which  is  like  alkali-albumin  in  not  coagulating 
with  heat  and  being  precipitated  by  neutral  salts,  but  differs 
from  it  by  not  being  readily  soluble  in  weak  acids  and  rapidly 
coagulating  with  rennet,  which  does  not  coagulate  the  alkali-albu- 
min. From  globulin  it  may  be  distinguished  by  its  not  coagu- 
lating with  heat.  (2)  Lact- albumin,  which  remains  in  solution 
after  the  caseinogen  is  precipitated  by  magnesium  sulphate ; 
it  coagulates  slowly  at  the  surface  when  heated  to  70°  C.  It  is 
partly  precipitated  by  sodium  sulphate.  It  differs  from  serum 
albumin  in  its  power  on  the  plane  of  polarized  light,  in  its  mode 
of  coagulating  by  heat  (p.  239),  and  in  containing  more  sulphur. 

Fats.  The  fats  are  present  as  globules  of  various  sizes,  being 
in  the  condition  of  a  perfect  emulsion,  as  above  stated.  They 
consist  of  glycerides  of  palmitic,  stearic,  and  oleic  acids. 

Carbohydrates.  The  milk  sugar,  lactose,  like  glucose,  reduces 
Fehling's  solution,  but  not  in  so  great  proportion.  It  has  the 
peculiarity  of  undergoing  lactic  fermentation,  see  p.  88. 

Salts.  Of  the  inorganic  constituents  of  milk  the  most  import- 
ant are  phosphates  and  carbonates  of  the  alkalies,  /.  e.,  the  salts 
required  to  form  bone.  It  is  a  remarkable  fact  that  the  potash 
compounds,  which  are  the  most  abundant  in  the  red  blood  cor- 
puscles, are  present  in  greater  quantity  than  those  of  soda.  Iron 
is  present  in  milk  in  very  minute  quantity — \  that  found  in  the 
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fetal  tissues,  so  the  infant  cannot  depend  on  its  food  for  its 
supply  of  iron,  but  has  enough  in  its  tissues  when  born  for  the 
new  hemoglobin  formed  while  suckling. 

A  number  of  extractives  exist  in  milk,  but  all  in  insignificant 
quantity. 

The  following  table  shows  the  composition  of  human  milk,  a 
comparison  of  which  with  that  of  some  domestic  animals  will  be 
found  on  p.  121  : — 

Proteids 39-24 

Fats, 26.66 

Milk  sugar, 43-64 

Salts, 1.38 

110.92 

Water, 889.0S 

The  relative  quantity  of  the  several  ingredients  of  milk 
varies  with  the  kind  of  diet  used.  A  vegetable  diet  increases 
the  percentage  of  sugar,  but  diminishes  that  of  the  other  con- 
stituents and  also  the  general  quantity  of  milk.  A  rich  meat 
diet  increases  both  the  general  quantity  and  the  percentage  of 
fats  and  proteids. 

The  quantity  of  milk  secreted  in  the  twenty-fbur  hours  is 
extremely  variable  in  different  individuals  and  under  different 
circumstances  in  the  same  individual,  the  average  in  general 
being  about  two  pints. 

The  amount  of  the  different  materials  in  milk  varies  under 
the  following  rules.  The  proportion  of  albumin  increases  as  the 
milk  sugar  decreases,  and  the  fat  remains  the  same  as  the  period 
of  lactation  advances.  The  portions  of  milk  last  drawn  are 
much  richer  in  fats  than  that  which  is  first  taken  from  the  gland. 
In  the  evening  the  milk  is  richer  in  fat  than  in  the  morning. 
The  general  amount  of  solid  constituents  falls,  up  to  the  age  of 
thirty  years,  then  gains  slightly  until  thirty-five,  after  which  age 
the  milk  becomes  decidedly  thinner.  These  points  should  be 
borne  in  mind,  as  a  knowledge  of  them  may  prove  useful  in  the 
selection  of  a  wet  nurse. 

Mode  of  Secretion. — Although  the  blood  contains  albumins, 
fats,  etc.,  very  similar  to  those  of  the  milk,  we  have  good  reason 
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for  thinking  that'the  constituents  of  milk  are  not  merely  ex- 
tracted from  the  blood,  but  that  the  manufacture  of  this  valuable 
secretion  is  due  to  the  activity  of  the  protoplasm  of  the  gland 
cells,  which  construct  the  various  ingredients  as  the  result  of  their 
metabolism. 

It  has  been  suggested,  as  a  simple  explanation  of  the  formation 
of  milk,  that  the  cells  undergo  fatty  degeneration,  and  the  se- 
cretion is  then  only  the  debris  of  the  degenerated  cells. 

Some  facts  support  this  view.  In  the  first  place,  the  ingredi- 
ents one  finds  in  milk  are  suggestive  of,  though  not  identical 


Fig.  157. 


Section  of  the  Mammary  Gland 
of  a  Cat  in  the  Early  Stages  of 
Lactation. 

Aj  cavity  of  alveoli  filled  with 
granules  and  globules  of  fat ;  i,  2, 3, 
epithelium  in  various  stages  of 
milk  formation. 


Fig.   158. 


Cells  of  Mammary  Gland 
during  Lactation,  stained 
with  osmic  acid,  so  as 
to  show  the  various  sized 
oil  globules  as  black 
masses.     (Cadmi.) 


with,  the  chemical  materials  which  can  be  obtained  from  proto- 
plasm by  chemical  disintegration,  rather  than  of  any  group  of 
substances  found  in  the  blood.  Further,  we  find  that  colostrum 
corpuscles,  which  appear  to  be  secreting  cells  filled  with  fat 
particles,  are  thrown  off  from  the  gland  and  appear  in  numbers 
in  the  milk  in  the  early  period  of  the  secretion. 

But  these  colostrum  corpuscles  soon  cease  to  be  thrown  off  in 
the  secretion,  and  the  saccules  of  the  glands  during  active 
lactation  do  not  contain  any  signs  of  the  debris  of  cast-off  cells 
or  any  gradations  in   degeneration.      Only  one  row  of  finely 
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granular  cells  is  found  lining  the  saccules,  and  the  cavities  are 
filled  with  globules  of  various  sizes.  From  this  it  would  appear 
that  in  the  earlier  stages  of  the  production  of  the  secretion  the 
mammary  cells,  after  a  long  period  of  inactivity,  are  so  unaccus- 
tomed to  the  duty  they  are  called  upon  to  perform,  that  they 
succumb  in  the  effort,  and  being  unable  to  produce  the  rich 
secretion  and  retain  their  vitality,  they  are  cast  off.  Their 
successors  acquire  the  necessary  faculty  of  making  within  their 
protoplasm  all  the  necessary  ingredients  of  the  milk,  and  dis- 
charge them  into  the  lumen  of  the  saccules  without  themselves 
undergoing  any  destructive  change. 

The  composition  of  the  milk  teaches  us  that  the  cells  of  this 
gland  can,  from  their  own  protoplasm,  manufacture  casein,  fat, 
milk  sugar,  etc.,  which  fact  shows  beyond  doubt  that  these  com- 
plex materials  may  be  built  up  by  animal  cells  just  as  they  are 
by  vegetable  protoplasm. 

The  influence  of  the  nervous  system  on  the  secretion  of  the 
mammary  glands  is  distinctly  shown  by  the  wonderful  sympathy 
between  the  action  of  these  glands  and  the  conditions  of  the 
generative  apparatus.  Even  emotions  have  a  marked  effect  not 
only  on  the  quantity,  but  also  on  the  quality  of  the  secretion.  Local 
stimulation  also  promotes  the  secretion,  for  the  application  of 
the  child  to  the  breast  at  once  produces  this  effect,  partly,  it 
miy  be,  through  mental  influences,  but  chiefly,  no  doubt,  by 
reflex  excitation  of  the  gland  following  the  local  stimulation. 

For  the  details  of  the  dietetic  value  of  milk,  see  Chapter  V, 
on  Food,  p.  121. 

Excretions. 

Sudoriferous  Glands. 

The  term  "excretion"  is  used  to  denote  a  gland  fluid  the 
chief  constituents  of  which  are  the  result  of  katabolic  changes  in 
the  tissues,  and  are  of  no  use  in  the  economy,  but,  on  the  con- 
trary, require  to  be  continually  removed  in  order  that  their 
accumulation  in  the  blood  may  not  give  rise  to  injurious  conse- 
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quences.  These  effete  matters  are  collected  by  the  blood  and 
carried  to  the  glands  which  preside  over  their  elimination. 

The  next  group  of  cutaneous  glands  is  placed  among  the  excre- 
tory organs,  though  its  more  important  function,  as  will  here- 
after appear,  is  to  supply  the  surface  with  moisture  for  the  purpose 
of  regulating  the  temperature. 

The  sweat  glands  axt,  in  man,  distributed  all  over  the  cutane- 
ous surface,  but  in  some  parts,  viz.,  the  palms,  soles,  axillae,  and 
perineum,  they  are  both  more  abundant  and  larger  than  else- 
where. They  are  absent  in  some  animals  (rats  and  rabbits)  and 
localized  in  others  (dog  and  cat),  which  only  sweat  on  the  pads 
of  the  feet.  They  are  simple  tubes  extending  in  a  more  or  less 
wavy  manner  through  the  skin,  and  ending  some  way  beneath 
the  corium  in  a  rounded  mass  formed  of  several  coils  of  the  tube. 
The  coil,  which  is  the  gland  proper,  is  surrounded  by  a  capillary 
plexus.  The  tube  is  lined  with  glandular  epithelium,  and  its 
basement  membrane  is  beset  with  longitudinally  arranged  smooth 
muscle  fibers. 

The  secretion  of  sweat  is  always  going  on,  though  it  does  not 
constantly  appear  as  moisture  on  the  surface,  because  the  amount 
produced  in  a  given  time  is  only  just  equal  to  the  amount  lost  by 
evaporation.  In  this  case  it  is  spoken  of  as  insensible  perspiration. 
Under  certain  circumstances  the  sweat,  being  produced  more 
rapidly  than  it  can  be  evaporated,  collects  on  the  surface  and 
becomes  obvious  as  liquid — sensible  perspiration.  The  quantity 
of  secretion  necessary  to  become  sensible  varies  with  the  dryness 
and  temperature  of  the  air,  that  is,  with  the  rapidity  with  which 
evaporation  takes  place.  It  happens  that  the  very  circumstances 
which  tend  to  assist  evaporation  also  promote  the  secretion  of 
sweat.  Great  heat  and  dryness  of  the  air  increase  the  cutaneous 
secretion  more  rapidly  than  they  increase  the  evaporation,  there- 
fore when  the  air  is  hot  and  dry  and  evaporation  is  going  on  very 
actively,  the  secretion  of  sweat  is  often  only  made  just  sensible  to 
our  feelings.  When  dampness  is  associated  with  warmth  of  the 
atmosphere  the  sweat  collects  in  large  quantities  on  the  skin,  for 
the  heat  aids  the  secretion  and  the  damp  air  impedes  the  evapora- 
tion. 
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The  quantity  of  perspiration  given  off  is  considerable,  but  the 
wide  limits  within  which  the  amount  may  vary  render  useless  an 
attempt  to  express  an  average  in  numbers.  The  amount  will 
depend  on  (i)  the  temperature  of  the  air,  (2)  the  quantity  and 
quality  of  the  fluids  imbibed,  (3)  the  amount  of  heat  generated 
in  the  body,  and  it  therefore  varies  directly  with  muscular 
exercise.  The  amount  that  becomes  sensible  depends  on  the  rate 
of  evaporation  as  well  as  on  the  amount  of  fluid  produced. 

The  chemical  composition  of  sweat  varies  with  the  amount 
secreted.  When  collected  as  a  fluid  by  enclosing  a  part  of  the 
body  in  an  impervious  sac,  it  is  found  to  have  about  two  per  cent 
of  solid  matters,  the  greater  quantity  of  which  is  made  up  of  inor- 
ganic salts,  sodium  chlorid  being  by  far  the  most  abundant.  It 
also  contains  some  epithelial  debris,  traces  of  neutral  fats,  and 
several  volatile  and  fatty  acids  (butyric,  propionic,  caproic),  to 
which  it  owes  its  peculiar  smell.  It  sometimes  contains  urea. 
Since  all  the  nitrogenous  income  is  accounted  for  in  the  urea 
excreted  by  the  kidneys,  it  is  probable  that  the  cutaneous  elimi- 
nation of  urea  is  minimal,  if  not  exclusively  pathological.  It 
affords  a  means  of  escape  to  many  drugs  and  abnormal,  or  exces- 
sive, effete  matters  from  the  blood.  In  certain  parts  of  the  body, 
especially  in  some  individuals,  it  contains  a  considerable  amount 
of  pigments,  varying  in  color  from  bricK-red  to  bluish-black. 

The  effect  of  nervous  influence  on  the  secretion  of  sweat  is  so 
closely  associated  with  the  vaso-motor  mechanisms  of  the  skin 
that  it  is  a  difficult  matter  to  separate  the  nervous  influences  act- 
ing on  the  vessels  and  on  the  glands.  A  dilated  state  of  the 
vessels  usually  accompanies  profuse  sweating.  But  there  can  be 
no  doubt  that  a  special  nervous  mechanism  controls  the  produc- 
tion of  sweat.  This  is  observed  in  some  diseases,  which 
variously  affect  the  two  sets  of  nerves.  Thus,  in  some  fevers, 
we  observe  a  dry  skin,  red  by  an  increased  supply  of  blood, 
whilst  in  certain  stages  of  acute  rheumatism  the  exact  opposite 
is  seen,  i.  e.,  a  profuse  sweat  drips  from  the  pale,  bloodless  skin. 
Injury  of  the  nervous  centers  gives  rise  to  disordered  sweating. 
It  has  been  shown  that  in  some  animals  (cats)  the  stimulation 
of  the  sciatic  nerve,  causing  contraction  of  the  blood-vessels, 
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produces  at  the  same  time  a  copious  secretion  of  sweat.  This 
occurs  even  in  the  bloodless  limb  after  amputation.  A  warm 
atmosphere  is  said  to  have  no  effect  on  the  secretion  of  a  limb 
the  nerve  of  which  has  been  cut,  although  the  warmth  be  so 
great  as  to  make  other  parts  of  the  animal's  body  sweat  pro- 
fusely. 

Besides  the  ordinary  reflex  activity  excited  from  the  skin  sweat- 
ing may  be  caused  by  stimulation  of  the  ttiouth  or  gastric  mucous 
membrane.  This  may  be  seen  in  a  marked  degree  when  the 
vaso-motor  mechanism  is  disturbed  locally,  as  by  injury. 

The  effects  of '  drugs  upon  the  cutaneous  secretion  is  well- 
known.  There  is  a  large  group  of  medicines,  especially  pilocar- 
pin,  which  produce  an  increased  flow,  while  many  others,  notably 
atropin,  have  a  contrary  efTect.  They  probably  act  on  the  center 
directly. 

Cutaneous  Desquamation. 

Together  with  cutaneous  excretion  should  be  mentioned  the 
continuous  and  extensive  loss  from  the  superficial  layers  of  the 
dried  horny  cells  of  all  parts  of  the  surface  of  the  body. 

The  cells  of  the  epidermis  devote  their  nutritive  activity  to 
the  production  of  a  certain  mineral — keratin,  which  forms  an 
insoluble,  impervious,  tough  coating  for  the  exterior  of  the 
body,  which,  though  thin  and  elastic,  is  very  strong  and  re- 
sisting. 

The  nearest  analogy  among  the  secretions  to  the  keratin  is  the 
production  of  mucin  by  the  cells  of  the  epithelial  lining  of  the 
mucous  membranes.  Both  substances  perform  a  definite  func- 
tion, and  they  are  produced  by  epiblastic  and  hypoblastic  ele- 
ments respectively. 

The  amount  of  nitrogenous  substances  thus  excreted  cannot 
well  be  reckoned,  but  having  regard  to  the  great  extent  of  sur- 
face from  which  they  are  derived,  it  must  be  considerable. 
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Fig.  159. 


URINARY  EXCRETION. 

The  urine  is  the  most  important  excretion,  for  by  it  nearly  all 
the  nitrogen  of  the  used-up  proteid  leaves  the  body,  in  mam- 
malia, in  the  form  of  urea. 
The  construction  of  the 
urinary  glands  is  peculiar, 
and  requires  special 
notice. 

Structure  of  the 
Kidneys. 

The  kidneys  may  be 
called  complex  tubular 
glands,  the  tubes  of 
which  they  are  composed 
being  made  up  of  a  num- 
ber of  parts  essentially 
differing  from  one  another 
both  in  their  structure  and 
in  their  relation  to  the 
blood-vessels. 

The  tubes  begin  in  the 
cortex  by  a  small,  rounded 
dilatation  {Malpighian 
body)  consisting  of  a  bunch 
of  capillary  loops  enclosed 
b  y  Bowman's  capsule, 
which  is  lined  by  thin, 
flattened  epithelium  reflected  over  the  capillaries.  Opening 
from  this  capsule.  Fig.  160  g,  is  found  a  tortuous  tubule,  /, 
lined  by  peculiar  large,  rod-beset  epithelial  cells,  which  occupy 


Section  of  Kidney  of  Man. 
cortical  substance  composed  chiefly  of  con- 
voluted tubules  and  Malpighian  bodies ;  ^,  py- 
ramids of  medullary  substance,  composed  of 
straight  tubes  and  loops  of  Henle,  radiating 
toward  cortex ;  t,  papillae,  where  the  tubes  open 
into  pelvis  {Cadiat)  ;  d,  commencement  of 
ureter,  leading  from  central  sac  or  pelvis. 
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the  greater  portion  of  its  diameter.  This  convoluted  tubule,  /, 
leads  into  a  tube,  <?,  of  much  less  external  diameter,  but  about 
equal  lumen,  owing  to  the  thinness  of  its  lining  epithelium,  the 


Fig.  i6o. 


Fig.  i6i. 


Diagram  of  the  Tubules  of  the  Kidney. 
(Cadi'at.) 
a,  large  duct  opening  at  papilla ;  5  and  c, 
straight  collecting  tubes;  d  and  ?,  looped 
tubule  of  Henle ;  /",  convoluted  tubules  of 
cortex;  £-f  capsule  from  which  the  latter 
spring. 


Portions  of  Various  Tubules  Highly 
Magnified,  showing  the  relation  of 
the  lining  epithelium  to  the  wall'  of 
the  tube.    {Cadiai.) 

a,  large  duct  near  the  papilla ;  3,  com- 
mencement of  Henle's  loop ;  c,  thin 
part  of  Henle's  loop. 


cells  of  which  are  more  flattened  and  much  thinner  than  those 
in  the  tortuous  tubes.  This  thin  tube  forms  a  loop  extending 
down  to  the  medullary  pyramid  and  returning  to  the  cortex, 
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where  it  can  be  seen  to  become  again  convoluted,  d,  and  then 
to  open  into  a  straight  collecting  tube.  The  collecting  tubes, 
c,  b,  receive  many  similar  tributary  tubes  on  their  way  toward 
the  apex  of  the  medullary  pyramid,  where  they  pour  their  con- 
tents into  the  pelvis  of  the  kidney.  The  epithelial  lining  of 
these  collecting  tubes  is  of  the  ordinary  cylindrical  type. 

Fig.  162, 


Portion  of  Convoluted  Tubule,  showing  peculiar  fibrillated  epithelial  cells.    {Heidenhain^ 

We  thus  find  four  kinds  of  epithelial  cells  in  the  various  parts 
of  the  urinary  tubules,  viz.,  j-^a^  cells  in  the  capsule;  peculiar 
rod- beset  glandular  cells  in  the  convoluted  tubes  ;  flattened  cells 
in  a  great  part  of  the  loop  ;  and  short,  cylindrical  cells  in  the 
large,  straight  tubes.     (Figs.  161  and  162.) 

Blood-Vessels. 
The  renal  artery,  on  its  way  from  the  hilus  to  the  interior  of 
the  gland,  breaks  up  suddenly  into  numerous  branches ;  these 
vessels  then  form  arches  which  run  along  the  base  of  the  pyra- 
mids between  the  cortical  and  medullary  portions  of  the  kidney. 
From  the  latter,  tapering  branches,  called  interlobular  arteries, 
pass  toward  the  surface  and  give  off  numerous  lateral  branchlets 
{vasa  afferentia)  which  enter  the  neighboring  Malpighian  bodies. 
Within  the  capsules  the  afferent  arteries  at  once  break  up  into  a 
bunch  of  capillary  loops,  forming  a  kind  of  tuft  of  fine  vessels, 
the  glomerulus,  which  nearly  fills  the  cavity,  and  is  only  covered 
by  thin,  scaly  epithelial  cells  reflected  from  those  lining  the 
capsule.  The  capillaries  of  the  glomerulus  are  thus  separated 
from  the  lumen  of  the  tube,  and  are  enclosed  in  a  delicate  sack. 
The  capillary  loops  unite  to  form  the  vas  efferens.  It  is  a  singu- 
36 


424  MANUAL   OF   PHYSIOLOGY 

lar  fact  that  the  efferent  vessel  is  smaller  than  the  afferent,  and  on 
leaving  the  glomerulus  does  not,  like  most  veinlets,  unite  with 
others  to  form  a  larger  vein,  but  again  breaks  up  into  capillaries, 
which  form  a  dense  network  around  the  convoluted  tubules. 
The  blood  is  thence  conveyed  to  small,  straight  veins  correspond- 
ing to  the  intralobular  arteries. 

Another   striking   peculiarity  of  the   renal   vessels   is  that  a 
distinct  set  of  arteries  {vasa  recta),  starting  from  the  same  arched 

Fig.  163. 


Glomerulus,  treated  with  Silver  Nitrate,  showing  the  Endothelium. 

branches  as  the  interlobular  (between  the  cortex  and  medulla), 
pass  toward  the  center  of  the  gland  into  the  pyramids.  They 
consist  of  bunches  of  straight  arterioles,  which  lie  between  the 
straight  and  the  looped  tubules.  Corresponding  with  these 
straight  arteries  are  long,  meshed  capillaries  and  minute,  straight 
veins,  which  carry  the  blood  back  to  the  vessels  at  the  base  of 
the  pyramids. 

In  the  kidney,  then,  we  have  three  sets  of  capillary  vessels,; 
which  differ  in  their  position,  the  form  of  their  meshes,  and  their 
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Fig.  164. 


relation  to  their  patent  artery.     The  press,ure  and  the  rapidity,  of 
flow  of  the  blood  in  them  differ  also,  as  follows: — 

1.  The  capillaries  in  the  glomeruli  are  loops  collected  into  a 
tuft  by  their  covering  of  delicate  epithelium.  On  account  of 
(i)  the  afferent  artery  ending  abruptly  in  these  capillaries,  and 
of  the  efferent  vessel  (2)  being  smaller  than  the  afferent,  and 
(3)  breaking  up  into'  a  secondary  plexus  of  capillaries,  which 
offer  additional  resistance,  the  pressure  and  velocity  within  the 
glomerulus  must  be  great. 

2.  The  secondary  capil- 
lary plexus  investing  the 
tubules  can  only  be  under 
comparatively  trifling  and 
less  variable  pressure,  (a) 
on  account  of  the  blood 
having  first  to  pass  through 
the  capillaries  of  the  glo- 
merulus. (/S)  Their  sec- 
tional area  is  enormous 
when  compared  with  that 
of  the  glomerular  vessels, 
and  therefore  the  flow  of 
blood  must  be  slow  in  pro- 
portion. These  capillaries 
have  somewhat  the  same 
relation  to  the  glomerular 
arteries  that  exists  between 
the  portal  capillaries  and 
the  intestinal  arteries.  The 
similarity  is  still  greater  in 
the  lower  vertebrates,  in 
which  this  plexus  is  mainly 
derived  from  the  veins  of 
the  lower  extremities. 

3.  The  straight  vessels 

have  long  meshed  capillaries,  which  lie  between  the  looped  and 
straight  tubules.     In  these  straight  vessels  the  blood  flows  with 


Diagram  showing  the  Relation  Borne  by  the  Blood- 
vessels to  the  Tubules  of  the  Kidney.  The  upper 
half  corresponds  to  the  cortical,  the  lower  to  the 
medullary  part  of  the  organ.  The  plain  tubes 
are  shown  separately  on  the  right,  and  the  vessels 
on  the  left.  The  darkly  shaded  arteries  send 
off  straight  branches  to  the  pyramid  and  larger 
interlobular  branches  to  the  glomeruli,  the 
efferent  vessels  of  which  form  the  plexus  around 
the  convoluted  tubes. 
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greater  velocity  than  in  those  around  the  convoluted  tubes.  The 
pressure  of  their  blood,  though  less  than  that  in  the  glomeruli, 
is  greater  than  that  in  the  intertubular  capillaries. 

Secretion  of  the  Urine. 
We  cannot  be   surprised  at  the  complicated  arrangement  of 
'  vessels  and  tubes,  and  the  variety  of  epithelial  cells  in  the  kidney 
if  we  consider  the  divers  duties  the  organ  has  to  perform.     It 
has   to   get   rid   of  all  impurities   from  the   blood.      Whether 
the  result  of  normal  or  pathological  change,  it  eliminates  all 
injurious,  useless,  or  superfluous  matter.    Whether  they  be  colloid 
or  crystalloid,  soluble  or  insoluble,  alkaline  or  acid,  the  kidney 
expels  them  if  they  tend  to  alter  the  normal  constitution  of  the 
blood.     It  discriminates  between  the  proteids,  expelling  egg- 
albumin  and  carefully  retaining  serum-albumin.     It  gauges  the 
\  sugar,  removing  the  least  excess  of  dextrose.     It  presides  over 
the  reaction  of  the  blood. 

We  are  unable  even  to  guess  in  what  particular  part  of  the 
glands  such  work  is  done.  Possibly  each  class  of  function  has 
its  own  particular  kind  of  cell  or  tube., 

We  have  just  seen  that  the  afferent  artery  breaks  up  into  a  tuft 
of  capillary  loops  within  the  capsule  of  Bowman,  and  that  the 
pressure  in  these  glomerular  capillaries  is  habitually  higher  than 
that  in  the  second  capillary  network  around  the  convoluted 
tubules. 

r     The  high  pressure  in  the  glomerulus  and  the  arrangement  of  . 
its  vessels  suggest  an  apparatus  by  means  of  which  the  watery 
parts  of  the  blood  pass  into  the  urinary  tubules.     This  view 
,  seems  supported   by  the   fact   that,  within  certain  limits,   the 
!  quantity  of  urine  secreted  bears  a  direct  proportion  to  the  blood 
pressure  in  the  minute   renal  vessels,   whether  the   change  in 
■  pressure  depends  on  local  vascular  mechanisms  or  on  changes 
-in  the  general  blood  pressure.     Comparative  anatomy  also  sup- 
ports this  suggestion,  for  the  more  watery  the  urine  the  more 
complex  the  Malpighian  body.    In  snakes  which  void  solid  urine 
the  glomerulus  is  very  small. 

It  was  seen  that  in  a  great  part  of  the  tubules  both  the  epi- 
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thelial  and  vascular  supply  give  the  idea  of  actively  secreting 
gland  tubes.  Thus  from  the  mere  construction  of  the  gland,  it, 
has  been  concluded  that  there  are  two  distinct  departments,  each 
of  which  play  a  different  part  in  the  production  of  the  urine :  I 
(i)  "  the  tuft  of  vessels  to  furnish  the  fluid  portion  of  the  urine,  " 
while  the  solid  matter  is  separated  by  the  aid  of  the  (2)  glan- 
dular epithelium  lining  the  convoluted  portion  of  the  tube," 

Such  was  the  simple  view  of  Bowman,  enunciated  more  than  , 
50  years  ago  and  since  confirmed  by  much  experimental  evi- 
dence. 

This  view  does  not  quite  adequately  explain  the  formation  of  ' 
urine,  because  the  latter  differs  so  materially  from  the  fluid 
obtainable  by  filtering  the  blood.  Urine  contains  noproteid,'^ 
and  it  is  incomparably  richer  in  urea  and  salts  than  the  blood  1 
plasma.  This  difference  implies  a  distinct  selection  in  the  I 
glomerulus,  indicating  a  secretive  process. 

Further,  this  view  assigns  no  special  function  to  the  loops  of 
Henle  and  special  set  of  vessels. 

Ludwig,  admitting  that  the  watery  part  of  the  plasma,  bearing 
with  it  the  salts,  etc.,  was  separated  at  the  glomerulus,  suggested 
that  as  this  fluid  passes  through  the  tortuous  urinary  tubules  a 
large  portion  of  the  water  is  re-absorbed  into  the  capillary  net- 
works surrounding  them.  This  re-absorption  is  assisted  by  the 
high  specific  gravity  of  the  blood,  under  low  pressure,  in  these 
capillaries,  as  compared  with  those  of  the  glomeruli,  where  the 
filtration  of  the  liquid  occurs.  The  rdle  of  the  epithelium  is 
then  not  only  selection  from  the  blood  of  specific  materials, 
but  the  re-absorption  of  much  fluid-and  possibly  the  prevention 
of  the  return  of  the  solids  to  the  blood-vessels. 

Why  simply  water  and  salts,  without  albumin,  should  pass 
through  the  capillaries  of  the  glomerulus  and  not  through  any 
other  capillaries  is  not  sufficiently  explained.  No  doubt  there 
are  many  such  selections  which  we  can  only  explain  as  vital 
phenomena,  but  the  difficulty  gave  rise  to  a  view  which  is  worthy 
of  mention.  From  the  fact  that  where  vascular  filtration — i.  e. , 
the  passage  of  liquid  under  pressure  through  the  capillary  wall — 
occurs  elsewhere  in  the  body,  not  only  water  and  salts,  but  also 
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plasma  passes  out  of  the  vessels,  we  should  assume  that  the  fluid 
part  of  the  blood,  as  such,  and  not  merely  its  watery  part, 
escapes  at  the  glomerulus.  That  is  to  say,  the  plasma  containing 
the  solid  ingredients  of  the  urine  in  a  diluted  form  passes  into 
the  capsule.  But  on  its  way  down  the  long  and  circuitous  route 
through  the  tubules,  the  proteids  with  much  water  are  re-absorbed 
by  the  capillaries  of  the  convoluted  and  looped  tubes.  The 
first  step  in  this  case  is  a  mechanical  filtration  ;  the  second  is  a 
vital  process  of  re-absorption  of  a  solution  of  serum-albumin 
carried  on  by  the  gland  cells  in  the  tubules.  This  view  is  said 
to  be  supported  by  pathological  experience,  as  the  removal  of 
the  epithelium  from  the  tubes  (the  glomeruli  remaining  perfect) 
is  followed  by  the  appearance  of  albumin  in  the  urine,  and  cysts 
formed  by  the  destruction  of  the  epithelium  and  occlusion  of 
the  tubules  contain  a  fluid  somewhat  like  plasma. 

Heidenhain  confirmed  Bowman's  view  by  experiment.  He 
introduced  into  the  blood  a  blue  coloring  matter — pure  sodium 
sulphindigotate — which  he  found  to  be  eliminated  by  the  kid- 
neys, giving  rise  to  blue  urine.  On  examining  the  organ  with 
the  microscope  at  a  suitable  time  after  the  injection  of  the  color 
into  the  blood,  the  entire  tubules  are  found  to  be  filled  with  the 
pigment,  and  in  some  cases  the  peculiar  epithelium  of  the  con- 
voluted portion  is  stained  with  the  blue  substance,  while  the 
glomerulus  and  capsule  are  entirely  free  from  the  color.  If  the^ 
stream  of  fluid  from  the  glomerulus  be  stopped  in  any  way — 
tying  the  ureter,  section  of  the  spinal  cord,  or  local  destruction 
of  the  glomeruli — the  blue  color  is  only  to  be  found  in  the  con- 
voluted tubes  and  their  epithelium,  and  hence  he  concludes  that 
its  presence  in  the  looped  and  collecting  tubes  of  the  kidneys 
and  urinary  bladder  depends  upon  its  being  washed  out  of  the 
convoluted  tubes  by  the  stream  of  fluid  poured  out  from  the 
blood  at  the  glomerulus. 

Nussbaum  showed  in  frogs  and  newts — which  have  an  arterial 
supply  to  the  glomeruli  and  a  venous  one  to  the  tubules — that 
sugars,  etc.,  which  freely  escaped  by  the  intact  kidney,  after 
being  introduced  into  the  blood,  were  no  longer  eliminated 
when  the  arteries  to  the  glomeruli  were  tied.     But  urea  injected 


SECRETION   OF   THE   URINE.  429 

into  the  blood  was  excreted  whether  the  arteries  were  tied  or 
not — the  urea  was  accompanied  by  some  water,  but  indigo- 
carmine  merely  passed  into  the  epithelium,  no  water  appearing 
to  wash  it  into  the  tubes.  The  value  of  this  evidence  is 
impaired  by  the  fact  that  some  glomerular  blood  flows. into  the 
peritubular  capillaries. 

The  following  facts  also  support  the  view  that  the  glandular 
epithelium  takes  the  chief  share  in  the  removal  of  the  more 
important  solid  constituents  of  the  urine. 

The  amount  of  liquid  passing  out  at  the  kidneys  is  in  direct 
proportion  to  the  blood  pressure,  whereas  the  excretion  of  the 
specific  constituents  of  urine  is  independent  of  the  pressure,  but 
is  related  to  the  amount  of  each  existing  in  the  blood  and  the 
condition  of  the  epithelium.  This  is  shown  by  the  increased 
elimination  of  urea  when  that  substance  is  artificially  introduced 
into  the  circulation,  even  after  the  flow  of  the  fluid  has  been 
checked  by  section  of  the  spinal  cord. 

The  epithelium  in  the  tubules  of  the  kidney  of  birds  is  found 
impregnated  with  acid  urates,  which  form  the  chief  constituents 
of  the  solid  urine  of  birds,  but  are  not  found  in  any  other  part 
of  the  kidney. 

That  the  glandular  epithelium  takes  an  active  part  in  the 
elimination  of  the  urea  is  rendered  certain  by  the  researches  of 
Heidenhain,  etc.,  and  the  escape  of  watery  solutions  is  con- 
firmed by  the  experiments  of  Nussbaum.  Yet  there  remain  the 
loops  of  Henle,  which  are  invariably  found  in  the  kidney,  and 
have  a  special  vascular  mechanism,  to  which  only  the  function 
of  re-absorption  has  been  assigned. 

Reviewing  these  different  explanations  of  the  secretion  of 
urine  by  the  light  of  our  present  knowledge  of  other  secretive 
processes,  there  seems  to  be  but  little  doubt  that  a  distinctly 
selective  power  must  be  assigned,  not  only  to  the  large  epithelial 
cells  lining  the  convoluted  tubes,  but  also  to  their  homologues, 
the  thin  cells  covering  the  capillaries  in  the  glomerular  tuft,  as 
well  as  both  varieties  in  Heule's  loop.  Each  of  these  cell 
groups  probably  has  a  specific  secretion  to  make,  the  sum  total 
of  the  work  being  urine.     There  is  ample  evidence  that  the 
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term  filtration  is  quite  inapplicable  to  the  process  occurring  in 
any  region  of  the  tubes  or  in  the  capsule. 

The  Urine. 

When  freshly  voided  the  urine  of  man  in  health  is  a  clear 
straw-colored  fluid,  with  a  peculiar  aromatic  odor.  The  intensity 
of  the  color  normally  varies  with  the  amount  of  solids — the 
color  being  a  rough  indication  of  the  degree  of  concentration. 
On  standing  and  cooling  a  slight  cloud  of  mucus  often  appears 
floating  in  the  fluid.  This  comes  from  the  lining  membrane  of 
the  bladder,  and  it  usually  entangles  a  few  flattened  epithelial 
cells,  which  are  the  only  organized  structural  elements  found  in 
'  it  in  health. 

The  fresh  urine  of  carnivorous  and  omnivorous  animals  has  a 
distinctly  acid  reaction.  This  does  not  depend  upon  the 
presence  of  free  acid  but  upon  acid  salts,  particularly  acid 
sodium  phosphate,  which  it  invariably  contains.  A  strictly 
vegetable  diet  renders  man's  urine  alkaline,  and  it  becomes  less 
acid  after  meals.  In  the  herbivorous  mammalia  the  urine  is 
normally  alkaline,  but  when  they  are  deprived  of  food  for  some 
time  it  becomes  acid,  showing  that  the  alkalinity  depends  upon 
their  diet. 

The  specific  gravity  of  urine  varies  greatly,  normally  ranging 
between  1015-1025.  After  copious  drinking,  abstinence  from 
proteid  food,  and  in  cool  weather  it  may  possibly  fall  as  low  as 
1005,  and,  on  the  other  hand,  after  prolonged  abstinence  from 
liquids,  much  animal  food,  and  very  active  sweating,  it  may 
attain  1040  without  pathological  process. 

The  quantity  of  urine  secreted  is  also  very  variable,  broadly 
being  in  proportion  to  the  amount  of  blood  flowing  through  the 
renal  capillaries ;  the  amount  produced  by  an  adult  is  usually 
about  two  pints  per  diem  (1000-1500  c.  c).  The  amount  is  in- 
creased by — (i)  increase  of  rate  of  flow  through  glomerulus  from 
'  elevation  of  the  general  or  renal  blood  pressure ;  (2)  contraction 
of  the  cutaneous  vessels  from  cold  ;  (3)  copious  drinking ;  (4) 
excess  of  nitrogenous  diet;  (5)  the  presence  of  certain  matters 
in  the  blood,  such  as  sugar,  salt,  etc.;  (6)  the  presence  of  urea; 
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and  (7)  various  medicaments  having  a  special  action-  on  the 
renal  secretion. 

Although  the  quantity  of  urine  differs  so  much  under  different 
circumstances,  the  amount  of  solids  excreted  by  the  kidneys  in 
the  24  hours  remains  pretty  much  the  same,  being  on  an  average 
over  i^  oz.  (50  grams)  for  an  average  adult  man. 

From  this  it  is  obvious  that  the  sp.  gr.  must  vary  inversely  with 
the  amount  of  fluid  secreted,  so  that  the  more  scanty  the  urine 
the  higher  we  expect  to  find  the  percentage  of  solids. 

Source  of  the  Urinary  Constituents. 

It  may  be  regarded  as  established  that  the  chief  materials  of 
the  urine  pre-exist  in  the  blood  and  are  therefore  merely  removed 
by  the  kidney.  The  synthesis  of  hippuric  acid  by  the  cells  of 
the  kidney  may  be  named  as  an  important  exception.  (See  pp. 
79  and  435.) 

The  following  points  may  be  recapitulated  : — 

1.  The  blood  normally  contains  most  of  the  urinary  con- 
stituents. 

2.  The  blood  of  the  renal  artery  is  said  to  contain  more  urea, 
uric  acid,  etc.,  than  that  of  the  renal  vein. 

3.  If  the  renal  arteries  or  the  ureters  be  tied,  accumulation  of 
urinary  products  in  the  blood  results. 

4.  Extirpation  of  the  kidneys  also  gives  rise  to  increase  of  the 
urea  in  the  blood. 

5.  In  diseases  which  suppress  the  secretion  of  the  kidneys,  an 
accumulation  in  the  blood  of  injurious  materials  takes  place,  and 
gives  rise  to  grave  symptoms  called  uremic  poisoning,  which 
closely  coincide  with  those  observed  in  experimental  annihilation 
of  the  renal  function. 

Chemical  Composition  of  Urine. 
The   percentage  of  the   solid   and  liquid  materials  in  urine 
varies  much,  but  on  an  average  it  may  be  said  to  contain  about 
four  per  cent,  of  solids  and  96  per  cent,  of  water. 

The  following  are  the  more  important  solid  materials : — 
Urea  is  the  most  essential,  and  at  the  same  time  most  abund- 
37 
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ant  solid  constituent,  forming  on  an  average  about  two  per  cent, 
of  the  urine.  It  is  regarded  as  the  chief  end-product  of  the 
oxidation  of  the  nitrogenous  matter  in  the  body,  so  that  its 
amount  per  diem  gives  us  an  estimate  of  the  nitrogenous  meta- 
bolism. It  is  readily  soluble  in  alcohol  and  water,  but  insoluble 
in  ether.  It  forms  acicular  crystals  with  a  silky  luster.  From  a 
chemical  point  of  view  it  may  be  regarded  as  carbamid,  with 
the  fortnula 

CO 
\ 

It  is  isomeric  with  ammonium  cyanate,  from  which  it  was  first 
prepared  artificially : 

NH4.CNO.=  CO.(NH2lj. 

On  exposure  to  the  air  bacteria  develop  in  the  urine,  and, 
acting  as  a  ferment,  change  the  urea  into  ammonium  carbonate, 
two  molecules  of  water  being  at  the  same  time  taken  up  thus : — 

COCNHj),  +  2HjO  =  C0(0NHj)2  or  (NKt^CO^. 

This  gives  rise  to  a  change  in  the  reaction  of  the  urine,  which 
after  a  time  becomes  increasingly  alkaline,  and  the  change  is 
spoken  of  as  the  alkaline  fermentation  of  the  urine.  This  change 
is  extremely  slow  in  solutions  of  pure  urea,  which  do  not  support 
bacterial  life. 

With  nitrous  acid  or  sodium  hypobromite  it  is  decomposed 
with  brisk  effervesence  of  gases  N  and  CO2. 

With  nitric  and  oxalic  acids,  urea  forms  sparinglysoluble  salts^ 
a  fact  made  use  of  in  its  preparation  from  urine. 

The  amount  of  urea  eliminated  in  the  24  hours  is  about 
SCO  grains  (35  grams).  Its  production  varies  (i)  with  the 
character  and  quantity  of  the  diet,  the  amount  increasing  in 
direct  proportion  to  the  quantity  of  proteid  consumed.  Fasting 
causes  a  rapid  fall  in  the  amount  of  urea ;  even  in  the  later  days 
of  starvation  it  continues  to  fall,  but  very  slowly.  (2)  It  varies 
with  the  amount  of  urine  secreted ;  an  increase  in  the  bulk  of 
the  water  being  accompanied  by  a  slight  increase  in  the  urea 
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eliminated.  Some  materials,  such  as  common  salt,  increase  the 
water,  and  thereby  also  increase  the  urea.  (3)  The  amount 
differs  with  age,  being  relatively  greater  in  childhood  than  in 
the  adult  (about  half  as  much  again  in  proportion  to  the  body 
weight).  (4)  Many  diseases  have  a  marked  influence  on  the 
amount  of  urea.  In  most  febrile  affections  it  increases  with  the 
intensity  of  the  fever,  while  in  disease  of  the  liver  it  often 
notably  decreases.  In  diabetes,  if  the  consumption  of  food  be 
very  great,  the  daily  excretion  of  urea  may  reach  nearly  four 
ounces  (100  grams),  or  three  times  as  much  as  normal. 

Preparation. — To  "obtain  urea  from  human  urine  it  is  evapo- 
rated to  one-sixth  of  its  bulk,  an  excess  of  nitric  acid  is  added, 
and  it  is  left  to  stand  in  a  cool  place.  Impure  nitrate  of  urea 
separates  from  the  fluid  as  a  yellow,  crystallized  precipitate.  This 
sparingly  soluble  salt  is  caught  on  a  filter,  dried,  dissolved  in 
boiling  water,  mixed  with  animal  charcoal  to  remove  the  color- 
ing matter,  and  filtered  while  hot ;  when  the  filtrate  cools,  color- 
less crystals  of  nitrate  of  urea  are  deposited.  The  precipitate  is 
dissolved  in  boiling  water,  and  barium  carbonate  added  as  long 
as  effervescence  takes  place,  barium  nitrate  and  urea  being  pro- 
duced. This  is  evaporated  to  dryness  and  the  urea  extracted 
with  absolute  alcohol;  which  on  evaporation  leaves  crystals  of 
pure  urea. 

Estimation. — Urea  can  be  estimated  volumetrically  by  the 
method  of  Liebig,  which  depends  on  the  power  of  mercuric 
nitrate  to  give  a  precipitate  with  it.  The  sulphates  and  phos- 
phates must  be  first  removed  by  the  addition  of  20  c.  c.  of  a 
mixture  of  one  volume  saturated  barium  nitrate  and  two  volumes 
saturated  solution  of  caustic  baryta  to  40  c.  c.  of  urine.  This 
is  filtered,  and  15  c.  c.  of  the  filtrate,  an  amount  corresponding 
to  TO  c.  c.  urine,  is  taken.  Into  this  known  volume  of  urine  a 
standard  solution  of  mercuric  nitrate  (of  which  i  c.  c.  precip- 
itates .01  gram  of  urea)  is  dropped  until  a  sample  drop  of  the 
liquid  mingled  on  a  watch-glass  with  a  drop  of  concentrated 
sodium  carbonate  solution  gives  a  yellow  color,  which  indicates 
that  some  free  mercuric  nitrate  is  present.  For  every  cubic 
centimeter  of  the  standard  mercuric  solution  used  there  is  one 
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centigram  of  urea  in  the  sample  of  urine ;  a  reduction  of  two 
c.  c.  should  be  made  from  the  mercuric  solution  used  in  the 
experiment  on  account  of  the  chlorids,  which  are  present  in 
tolerably  constant  amount. 

A  readier  and  more  accurate  method  {Hufner' s)  consists  in 
adding  a  known  quantity  of  urine  to  a  solution  of  sodium  hypo- 
bromite  (NaBrO),  containing  an  excess  of  caustic  soda,  in  an 
apparatus  by  which  the  gas  evolved  may  be  collected  and  meas- 
ured. The  urea  is  decomposed  in  the  presence  of  this  salt ;  the 
CO2  is  absorbed  by  the  free  soda  and  free  nitrogen  evolved — 
C0(NHj)2  +  3{NaBrO)  +  2(NaOH)  =  sNaBr  +  NajCOs  +  sHjO  +  Nj. 

The  quantity  of  urea  may  be  determined  by  ascertaining  the 
volume  of  nitrogen,  which  can  be  measured  directly  in  a  grad- 
uated tube.  35.4  c.  c.  of  N  represents  0.1  gram  of  urea  at 
ordinary  temperature  and  pressure. 

Uric  acid,  of  which  the  formula  is  C5H4N4O3,  is  only  present 
in  extremely  small  quantities  in  the  normal  urine  of  mammalia, 
but  in  birds,  reptiles,  and  insects  its  salts  form  the  chief  ingre- 
dient of  the  renal  secretion.  It  is  sparingly  soluble  in  water  and 
insoluble  in  alcohol  and  ether.  However,  in  solutions  of  the 
neutral  phosphates  and  carbonates  of  the  alkalies  it  combines 
with  some  of  the  base,  so  as  to  form  acid  salts,  and  at  the  same 
tim.e  converts  the  neutral  into  acid  phosphates.  Physiologically 
only  quadri-urates  are  found  in  the  body  or  urine ;  the  soda  salt, 
which  alone  is  commonly  found,  has  the  formula; 

HNa.qH,N,03.     H^.CjH.NA- 

Its  salts  are  more  soluble  in  warm  than  in  cold  water.  Uric 
acid  is  readily  converted  into  urea  by  oxidation  out  of  the  body. 
It  may  possibly  be  one  of  the  steps  in  the  formation  of  urea 
occurring  in  the  body. 

The  presence  of  uric  acid  may  be  recognized  by  the  murexid 
test.  The  substance  to  be  tested  is  gently  heated  and  cautiously 
evaporated,  in  a  flat  capsule,  with  some  nitric  acid.  A  decom- 
position occurs,  a  yellow  residue  remaining.  A  drop  pf  ammonia 
gives  a  striking  purple  color,  which  on  the  addition  of  potash 
turns  violet. 
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The  amount  of  uric  acid  normally  follows  pretty  closely  the 
variations  in  urea,  but  is,  usually,  only  about  eight  grains  (.5 
gram)  per  diem.  In  certain  diseases  the  quantity  may  be 
much  increased.  For  the  rough  quantitative  estimation,  crystals 
of  the  acid  may  be  thrown  down  by  hydrochloric  acid.  After 
standing  24  hours  these  are  caught  on  a  weighed  filter  and 
estimated  by  weight.  For  other  methods  the  student  must  con- 
sult the  text-books  of  physiological  chemistry. 

Kreatinin  (CiHiNaO)  is  always  present  in  urine,  probably 
being  formed  from  kreatin  by  the  loss  of  one  molecule  of  water. 
About  15  grains  (one  gram)  is  excreted  per  diem. 

Xanthin  (C5H4N4O2)  also  occurs  in  urine,  but  in  extremely 
small  quantities. 

Hippuric  acid  (C9H9NO3)  is  a  normal  constituent  of  human 
urine,  occurring,  however,  in  very  small  quantities.  On  the  other 
hand,  it  is  one  of  the  most  important  nitrogenous  constituents 
of  the  urine  of  the  herbivora,  where  it  takes  the  place  of  uric 
acid.  Its  presence  depends  on  the  existence  of  certain  ingre- 
dients in  the  food  containing  benzoic  acid ;  the  latter  is  capable 
of  combining  with  glycocin  to  form  the  acid,  a  molecule  of 
water  being  formed  at  the  same  time,  thus — 

CaHj.CO.OH  -I-  CH2.(NH3)CO.OH  = 

Benzoic  acid.  Glycocin, 

C.Hj.(NHC5H5CO)CO.OH  -|-  Yi.f). 
Hippuric  acid.  Water. 

The  amount  of  hippuric  acid  increases  with  increased  con- 
sumption of  vegetable  food.  The  union  of  glycocin  and  ben- 
zoic acid  takes  place  in  the  kidney,  the  excised  organ  being 
capable  of  effecting  this  synthesis  if  blood  containing  these 
substances  be  passed  through  the  vessels. 

Oxalic  acid  (CjHjOi)  occurs  often  but  not  constantly  in  the 
urine.  It  is  generally  united  with  lime.  It  is  said  to  appear 
in  greater  quantity,  together  with  an  excess  of  uric  acid,  after 
meals,  and  therefore  to  be  related  to  the  production  of  the 
latter  in  the  body;  but  it  probably  is  chiefly  derived  from 
oxalates  being  contained  in  some  materials  taken  with  the  food. 
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Indican,  or  indoxyl-sulphate  of  potassium,  is  present  in  the 
urine  of  man,  and  in  greater  quantity  in  tRat  of  herbivora.  It 
is  formed  from  indol  consequent  on  the  pancreatic  digestion. 
Under  certain  conditions  it  can  be  converted  by  oxidation  into 
indigo-blue. 

Coloring  Matter. 

I.  Urobilin  is  the  normal  coloring  matter  of  the  "urine.  It 
is  an  outcome  of  the  biliary  pigments,  and  therefore  a  deriva- 
tive of  the  coloring  matter  of  the  blood.  It  is  probably  the 
same  as  hydrobilirubin,  some  of  which  is  absorbed  from  the 
intestinal  tract  and  eliminated  by  the  kidneys.  There  is  reason 
to  believe  that  other  sources  of  urobilin  exist. 

z.   Urochrome  is  probably  impure  urobilin. 

Inorganic  Salts. 

The  urine  is  the  great  outlet  for  all  inorganic  salts.  The  most 
important  of  these  are — 

Common  salt  (NaCl)  of  which  a  very  variable,  but  always 
considerable  amount  is  found  in  the  urine.  The  average 
quantity  excreted  per  diem  may  be  said  to  be  about  half  an 
ounce  (15  grams).  It  depends  greatly  on  the  quantity  taken 
with  the  food,  and  falls  during  starvation,  but  does  not  com- 
pletely disappear.  It  is  said  that  if  absolutely  no  common  salt 
be  taken  with  the  food  the  quantity  of  NaCl  excreted  diminishes 
greatly,  and  albumin  appears  in  the  urine  about  the  third  day. 
The  amount  of  salt  eliminated  follows,  with  striking  accuracy, 
the  changes  that  take  place  in  the  quantity  of  urea  excreted. 
This  fact  seems  to  indicate  that  there  is  some  relationship 
between  the  secretion  of  the  two  substances,  or  that  sodium 
chlorid.  participates  in  the  chemical  changes  of  the  nitrogenous 
tissues.  In  many  diseases  variations  in  the  quantity  of  common 
salt  in  the  urine  occur  which  can  hardly  be  explained  by  the 
change  in  food. 

Phosphates. — About  60  grains  (three  to  four  grams)  of  phos- 
phoric acid  are  excreted  daily  in  the  urine,  being  combined  with 
alkalies  to  form  salts,  viz.,  sodium,  potassium,  calcium,  and 
m3,gnesium  phosphates.     These  salts  are  increased  after  meals. 
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Sulphates. — Nearly  40  grains  (two  to  three  grams)  of  sul- 
phuric acid,  as  sulphates  of  alkalies,  are  daily  got  rid  of  in  the 
urine.  The  acid  comes  partly  from  the  blood,  but  chiefly  from  the 
oxidation  of  the  sulphur  contained  in  the  proteids  of  the  tissues. 

A  considerable  quantity  of  potassium,  sodium,  calcium,  and 
magnesium,  combined  as  already  mentioned  or  with  chlorin, 
is  contained  in  the  urine. 

Small  traces  of  iron  are  also  always  present  in  the  urine. 

Gases. — The  urine  also  contains  free  COj,  N,  and  some  O. 

100  volumes  of  gas  pumped  out  of  fresh  urine  have  been  found 

to  consist  of — 

CO2  =  65.40  per  cent.  / 

N  =31.86        "  ( 

O  =   2.74       " 

CO2  is  present  in  the  urine  to  the  amount  of  about  ten  vols,  per 
cent. 

Abnormal  Constituents. 

Different  substances  occur  in  urine  under  circumstances  of 
physiological  interest,  and  may  be  here  enumerated,  although 
their  accurate  study  belongs  rather  to  pathology.  First  among 
these  to  be  named  is, — 

Albumin,  which  occurs  from  (i)  any  great  increase  in  the 
blood  pressure  in  the  renal  vessels,  particularly  when  caused  by 
impeded  outflow.  (2)  Excess  of  albumin  in  the  blood,  and, 
strange  to  say,  some  forms  of  albumin  escape  much  more  readily 
than  others.  Thus,  egg  albumin,  globulin,  or  peptone,  if  intro- 
duced artificially  into  the  blood,  are  soon  found  in  the  urine.  (3) 
A  watery  condition  of  the  blood,  such  as  would  give  rise  to 
edema  elsewhere.  (4)  Total  abstinence  from  NaCL  for  some 
time.     (5)  Destruction  of  the  epithelium  of  the  urinary  tubes. 

Next  in  importance  to  albumin  are  the  following  : — 

Grape  sugar,  of  which  normally  only  the  merest  trace  occurs 
in  the  urine,  although  there  is  always  a  certain  quantity  in  the 
blood.  It  is  present  in  large  quantities  in  (i)  the  disease  known 
as  diabetes,  when  a  great  quantity  of  pale  urine  with  a  very  high 
specific  gravity  is  passed.  (2)  After  injury  of  a  certain  part  of 
the  floor  of  the  fourth  ventricle  of  the  brain.     (3)  After  total 
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excision  of  the  pancreas.  (4)  After  poisoning  by  curara,  car- 
bonic oxid,  and  nitrate  of  amyl.  In  short,  any  great  disturb- 
ance of  the  circulation  of  the  liver  gives  rise  to  an  increase  of 
sugar  in  the  blood,  which  normally  only  contains  .1  per  cent., 
and  when  the  amount  reaches  .3  per  cent,  it  appears  in  the 
urine. 

Bile  Acids  and  Pigments  appear  in  the  urine  when,  from 
occlusion  of  the  bile  ducts,  they  find  their  way  into  the  blood. 

Leucin  and  Tyrosin  also  occur  in  the  urine,  but  only  after 
interference  with  the  function  of  the  liver,  such  as  follows 
phosphorus  poisoning. 

The  urine  undergoes  important  changes  after  being  voided, 
the  explanation  of  which  is  of  much  interest  to  the  practitioner 
and  must  be  understood  by  the  student  of  medicine.  The  urine 
often  loses  its  transparency  as  soon  as  it  gets  cold,  though 
perfectly  clear  when  passed,  or  when  again  heated  to  the  body- 
temperature.  This  "muddiness,"  which  soon  settles  down  as 
a  more  or  less  brightly  colored  sediment,  is  chiefly  caused  by 
the  precipitation  of  sodium  quadri-urate,  stained  with  a  color- 
ing matter  derived  from  the  urinary  pigment ;  for  the  urates, 
though  soluble  in  warm,  are  almost  insoluble  in  cold  water. 
When  this  occurs  the  urine  will  always  be  found  to  be  distinctly 
acid,  and'  if  it  be  left  standing  for  some  time  in  a  cool  place 
the  acidity  will  be  found  to  increase. 

After  a  certain  time  (which  is  shorter  when  the  urine  is  not 
very  acid  and  is  exposed  to  a  warm  atmosphere)  the  develop- 
ment of  bacteria  occurs  in  it,  and  causes  the  urea  to  unite  with 
water  and  to  change  in  the  manner  already  mentioned  (p.  75) 
into  ammonium  carbonate.  This  gradually  neutralizes  the  acidity, 
and  finally  renders  the  urine  alkaline.  At  the  same  time  an 
amorphous  precipitate  of  earthy  phosphates  appears,  and  crystals 
of  ammonio-magnesium  phosphate  and  of  ammonium  urate  are 
produced. 

Urinary  Calculi. 
Various  ingredients  of  the  urine,  which  are  difficult  of  solution, 
sometimes  become  massed  together  as  concretions,  particularly 
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if  there  exist  any  small  foreign  body  in  the  bladder,  which,  by 
acting  as  a  nucleus,  lays  the  foundation  of  a  stone.  Sometimes 
small  concretions  are  formed  in  the  tubes  or  pelvic  recesses  of 
the  kidney,  and  when  these  make  their  way  into  the  bladder 
they  commonly  grow  larger  and  larger.  The  structure  and 
composition  of  a  calculus  often  give  the  history  of  its  own  transit 
from  the  kidney,  and  also  of  various  changes  in  the  metabolism 
of  the  individual,  for  successive  layers  of  different  substances 
are  generally  found  in  a  stone  that  has  attained  any  great  size. 
The  chief  materials  found  in  calculi  are — uric  acid,  ammonium 
urate,  calcium  oxalate  and  carbonate,  ammonio-magnesium 
phosphate,  etc. 

Nervous  Mechanism  of  the  Urinary  Secretion. 

With  regard  to  the  influence  exerted  by  the  nervous  system 
on  the  renal  secretion,  we  have  not  very  satisfactory  information. 
There  can  be  little  doubt  that  here,  as  in  other  glands,  the 
process  is  under  the  control  of  the  nerves.  Many  of  the  condi- 
tions which  cause  increased  secretion  have  no  effect  on  the 
general  blood  pressure,  so  that,  if  the  increased  flow  be  brought 
about  by  the  vaso-motor  mechanisms,  it  must  be  by  means  of 
nervous  channels  altering  the  blood  flow  in  the  special  arteries 
of  the  glands.  Further,  in  some  emotional  conditions,  such  as 
hysteria,  an  unaccountably  great  quantity  of  urine  of  very  low 
specific  gravity  is  evacuated. 

The  renal  vaso-motor  nerves  leave  the  spinal  cord  by  the 
anterior  roots  of  dorsal  nerves,  particularly  the  eleventh,  twelfth, 
and  thirteenth. 

With  regard  to  the  effects  of  the  vaso-motor  nerves,  we  know 
that  section  of  all  the  nervous  twigs  going  to  the  kidneys  causes 
great  congestion  and  an  immense  increase  in  the  secretion, 
which  commonly  contains  albumin.  This  no  doubt  depends  on 
the  sudden  rise  in  pressure  in  the  glomeruli,  owing  to  the  dila- 
tation of  the  arterioles.  If  the  splanchnics,  in  which  the  renal 
vaso-motor  nerves  run,  be  cut,  a  great  quantity  of  urine  is  pro- 
duced from  the  same  cause — vaso-motor  paralysis — but,  on 
account  of  the  large  area  of  vessels  injured,  the  general  blood 
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pressure  falls,  and  therefore  the  effect  is  not  so  much  marked. 
If  the  peripheral  end  of  the  cut  nerves  be  stimulated,  the  secre- 
tion is  diminished,  owing  to  the  spasm  of  the  renal  arterioles. 
Section  of  the  spinal  cord  at  the  seventh  cervical  vertebra  stops 
the  flow,  because  it  reduces  the  general  blood  pressure  below 
that  necessary  for  the  secretion  of  the  urine. 

The  introduction  of  various  substances  into  the  blood  causes 
a  marked  change  in  the  blood  supply  of  the  kidney  and  the 
amount  of  urine  secreted.  These  facts  can  be  demonstrated  by 
Roy's  oncometer,  an  instrument  consisting  of  a  bivalve  metal 
case  in  which  the  kidney  can  be  placed  knd  surrounded  with  a 
cushion  of  warm  oil  contained  in  a  thin  membrane.  The  oil- 
space  is  connected  with  the  oncograph,  which  records  the  varia- 
tions in  size,  i.  e.,  blood  contents  of  the  kidney.  These  changes 
do  not  invariably  correspond  with  the  changes  in  general  blood 
pressure  occurring  during  the  experiments. 

Passage  of  the  Urine  to  the  Bladder. 

The  pressure  exerted  by  the  blood  is  quite  sufficient  to  make 
the  urine  flow  into  the  bladder,  because  when  the  ureters  are 
tied  they  become  distended  above  the  ligature  by  the  urine 
flowing  from  the  pelvis,  where  a  pressure  may  be  produced  of- 
some  forty  millimetres  of  Hg,  /.  e.,  far  exceeding  the  maximum 
pressure  that  can  be  supposed  to  occur  in  the  capillary  vessels  of 
the  kidney.  At  this  pressure  the  secretion  stops  and  becomes 
somewhat  changed  in  chemical  composition. 

Normally,  however,  the  passage  of  the  urine  along  the  ureters 
is  accomplished  by  the  peristaltic  motion  of  the  ducts,  which 
goes  on  alternately  in  the  two  ureters,  so  that  the  urine  flows 
into  the  bladder  at  diff'erent  periods  from  the  right  and  left 
kidney. 

The  ureters  have  a  strong  middle  coat  of  encircling  fibers  of 
smooth  muscle  along  which  a  wave  of  contraction,  lasting  about 
one-third  of  a  second,  passes  rhythmically  from  the  pelvis  of 
the  kidney  to  the  bladder. 

Having  reached  the  bladder,  the  urine  cannot  return  into  the 
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ureters  on  account  of  the  oblique  way  in  which  these  ducts  pass 
through  the  walls  of  the  bladder.  When  the  pressure  in  the 
bladder  increases,  the  opening  of  the  ducts  becomes  closed  and 
acts  as  a  kind  of  valve. 

Retention  of  Urine  in  the  Bladder. 

The  urine,  which  is  continuously  secreted  and  rhythmically 
conveyed  to  the  bladder,  can  be  voided  at  convenient  times; 
therefore  special  arrangements  exist  for  its  retention  and  expul- 
sion. 

The  retention  of  urine  in  the  bladder  depends  up  to  a  certain 
point  on  the  elasticity  of  the  parts  concerned,  the  dense  elastic 
tissues  around  its  outlet  being  able  to  resist  the  elastic  force 
exerted  by  the  walls  of  the  bladder.  Thus  where  no  muscular 
force  can  possibly  come  into  play,  as  in  the  case  of  the  dead 
subject,  or  in  complete  paralysis  following  destruction  of  the 
spinal  cord,  a  considerable  amount  of  urine  is  retained.  But 
when  a  certain  pressure  is  arrived  at  within  the  bladder,  the 
elasticity  of  the  sphincter  and  the  other  tissues  around  the  outlet 
is  overcome  by  the  elasticity  of  the  bladder  wall,  etc.,  and  the 
urine  slowly  dribbles  away. 

In  the  normal  condition,  however,  the  urine  is  retained  by  a 
muscle  excited  reflexly  by  nerves  over  which  we  have  acquired 
considerable  voluntary  control. 

This  is  the  sphincter  muscle,  which  surrounds  the  neck  of  the 
bladder  and  by  contracting  can  retain  the  urine.  The  accu- 
mulation of  the  urine  gradually  gives  the  sensation  known  as  a 
fulness  of  the  bladder,  but  this  feeling  is  not  accompanied  by 
any  irresistible  call  to  make  water,  though  it  gives  rise  to  the 
desire.  The  stimulus  given  to  the  afferent  nerves  of  the  bladder 
causes,  reflexly,  a  contraction  of  the  sphincter  muscle,  so  that, 
in  proportion  as  the  pressure  within  the  bladder  increases,  the 
resistance  to  its  outflow  is  also  augmented.  This  does  not  imply 
an  automatic  action  of  the  sphincter,  but  merely  a  constant 
reflex  excitation  of  that  muscle,  which  secures  the  retention  of  a 
considerable  amount  of  urine  without  the  intervention  of  atten- 
tion or  voluntary  effort. 
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Evacuation  of  the  Bladder. 
Micturition,  or  the  expulsion  of  the  urine, 
in  the  adult  does  not  normally  depend  on 
elastic  forces  ^lone,  as  in  paralytic  incon- 
tinence, but  is  accomplished  by  the  detrusor 
urincB  muscle  situated  in  the  wall  of  the 
bladder. 

Under  ordinary  circ^imstances  there  is  a 
correlation  between  the  expelling  and  re- 
taining powers,  in  which  the  retaining 
power  of  the  sphincter  is  just  able  to  resist 
the  elastic  pressure.  If  the  amount  of 
urine  reach  a  certain  point,  the  reflex  stim- 
ulation of  the  sphincter  no  longer  suffices, 
and  voluntary  effort  has  to  be  used.  If  a 
drop  of  urine  happen  now  to  make  its  way 
into  the  sensitive  urethra,  matters  are 
altered.  Even  voluntary  effort  cannot  re- 
tain it,  and  an  irresistible  call  to  make 
water  follows.  This  is  accomplished  by 
relaxation  of  the  sphincter  and  contrac- 
tion of  the  muscular  coat  of  the  bladder, 
which  are  respectively  inhibited  and  excited 
reflexly  by  the  stimulus  passing  from  the 
mucous  membrane  lining  the  urethra  to 
the  spinal  nerve  mechanisms. 

When  the  urine  once  commences  to  flow 
it  continues  until  the  bladder  is  quite  empty, 
the  last  drops  of  urine  being  expelled  from 
the  urethra  by  rhythmical  spasms  of  the 
muscles  around  the  bulbous  portion  of  that  canal.  The  se- 
quence of  events  will  then  be,  (i)  stimulation  of  the  mucous 
membrane  of  the  urethra  by  a  drop  of  urine ;  (2)  contraction  of 
the  detrusor  urinse  ;  (3)  relaxation  of  the  sphincter;  (4)  rhyth- 
mical contraction  of  the  ejaculator  urinae,  and,  finally,  a  twitch 
of  the  levator  ani  and  neighboring  muscles. 


Plan  of  the  Nervous  Me- 
chanism of  Micturition. 

B,  bladder;  M,  abdominal 
muscles  ;  c,  cerebral  cen- 
ters ;  R,  represents  im- 
pulses which  pass  -from 
the  bladder  to  the  center 
in  the  spinal  cord,  whence 
tonic  impulses  are  reflect- 
ed and  pass  along  T  to 
sphincter,  which  retains 
the  urine.  When  the  blad- 
der is  distended,  impulses 
pass  to  the  brain  by  i, 
and  when  we  will,  the 
tonus  of  the  spinal  center 
stimulating  the  sphincter 
is  checked,  and  the  ab- 
dominal muscles  are  made 
by  z  to  force  some  urine 
into  neck  of  bladder, 
"whence  impulses  pass  by 
3  to  inhibit  the  sphincter 
center  and  excite  the  de- 
trusor through  4. 
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The  evacuation  of  the  bladder  is  under  these  circumstances 
accomplished  independently  of  the  will  by  a  reflex  act,  of  which 
we  may  even  be  unconscious. 

This  reflex  micturition  may  occur  during  sleep,  as  the  result 
of  slight  local  excitations.  In  infants  this  is  the  normal  mode 
of  emptying  the  bladder,  and  the  gradual  education  of  the  cen- 
ters controlling  the  retention  mechanisins  is  watched  with  inter- 
est in  young  children. 

At  an  early  age  we  begin  to  learn  to  control  these  spinal  cen- 
ters by  our  will.  We  feel  a  desire  to  empty  the  bladder  before 
the  reflex  contraction  of  the  sphincter  is  overcome.  Almost  at 
any  time  we  can  call  forth  the  reflex  act  by  increasing  the  pres- 
sure on  the  bladder  by  voluntary  contraction  of  the  abdominal 
muscles ;  the  diaphragm  being  depressed  and  fixed,  the  muscles 
of  expiration  are  put  into  action  so  as  to  press  upon  the  pelvic 
viscera.  At  the  same  time  the  contraction  of  the  sphincter  is 
probably  checked  by  the  will,  and  thus  the  reflex  evacuation  is 
started. 
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CHAPTER  XXII. 

NUTRITION. 

We  are  now  in  a  position  to  see  what  light  can  be  thrown  upon 
the  actual  changes  taking  place  in  the  economy  by  a  comparison 
of  iticome  and  output. 

In  order  that  the  body  may  be  kept  in  its  normal  condition,  it 
is  necessary  that  the  income  should  at  least  be  equal  to  the  out- 
put, and,  except  where  growth  is  going  on  rapidly,  an  income 
equal  to  the  expenditure  ought  not  only  to  suffice,  but  ought  to 
be  the  most  satisfactory  for  the  economy. 

We  know  that  animals  can  live  for  a  considerable  time  without 
food,  in  which  case  a  certain  expenditure  of  material  derived 
from  the  body  itself  is  made  to  sustain  life,  and  therefore  some 
output  continues.  We  ought  thus  to  be  able  in  a  simple  manner 
to  arrive  at  the  minimal  expenditure  necessary  for  the  sustenta- 
tion  of  the  body.  We  shall  find,  however,  that  (i)  an  income 
equal  to  this  minimal  expenditure  (that  of  starvation)  does 
not  at  all  suffice  to  keep  up  the  body  weight,  and  that  (2)  a 
considerable  margin  over  and  above  this  minimum  is  neces- 
sary in  order  to  establish  a  nutritive  equilibrium ;  (3)  further, 
that  the  proportion  of  material  eliminated  and  stored  up  in 
the  body,  respectively,  varies  as  the  income  is  increased ; 
(4)  and  finally,  the  quality  of  the  food — i.  e.,  the  proportion 
of  each  group  of  food-stuff  present  in  the  diet — has  an  impor- 
tant influence  on  the  quantity  required  to  establish  the  equi- 
librium, and  that  best  suited  to  cause  increase  of  weight  or  to 
fatten. 

It  will  be  convenient  to  consider  the  following  different  cases 
in  succession. 

1.  No  income,  except  oxygen  and  water,  /.  e.,  starvation. 

2.  An  income  only  equal  to  the  expenditure  found  during 
starvation. 
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3.  Establishment  of  perfect  nutritive  equilibrium. 

4.  Excessive  consumption. 


Tissue  Changes  in  Starvation. 

As  is  well  known,  deprivation  of  oxygen — by  cessation  of  the 
respiratory  function — almost  immediately  puts  an  end  to  life,  so 
that  the  oxygen  income  cannot  be  interfered  with  or  the  experi- 
ment comes  to  an  end.  It  has  also  been  found  that  a  small 
supply  of  water  makes  the  investigation  more  reliable,  by  facili- 
tating tissue  changes  and  prolonging  life.  We  therefore  speak 
of  a  total  abstinence  from  solids  as  starvation. 

When  an  animal  is  deprived  of  food,  those  tissues  upon  the 
activity  of  which  life  immediately  depends  must  feed  upon 
materials  stored  up  in  other  tissues  of  less  vital  importance.  The 
first  questions  to  discuss  are  how  much  the  body  loses  daily  in 
weight  during  the  time  that  it  is  thus  feeding  on  itself,  and  how 
far  the  different  individual  tissues  contribute  to  this  loss. 

The  general  loss  of  weight  is  directly  estimated  by  weighing 
the  animal,  and  the  loss  of  the  individual  tissues  is  calculated  by 
a  careful  analysis  of  the  various  excreta,  by  which  the  exact 
amount  of  nitrogen,  carbonic  acid,  etc.,  is  ascertained  :  the 
nitrogen  corresponds  to  the  loss  of  muscle ;  and  the  carbon  (after 
excluding  that  portion  which  is  the  outcome  of  muscle  change, 
which  may  be  calculated  from  the  nitrogen)  corresponds  to  the 
fats  oxidized. 

jLoss  of  Weight. — It  has  been  found  that  a  starving  animal  loses 
weight  rapidly  at  first,  and  subsequently  more  slowly.  The  cause 
of  this  difference  is  that  the  food  last  eaten  continues  to  excite 
metabolism  for  the  first  three  or  four  days,  and  the  materials 
eliminated  are  proportionately  large  in  quantity.  When  the 
influence  of  the  food  taken  prior  to  starvation  has  ceased,  the 
daily  amount  of  materials  eliminated  is  much  reduced  and  remains 
nearly  constant,  decreasing  very  slightly,  the  decrease  being  in 
proportion  to  the  loss  of  body- weight,  which  diminishes  gradually 
until  the  animal's  death. 

Adult  animals  generally  live  until  they  have  lost  about  half  of 
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their  normal  body  weight.     Young  animals  die  when  they  have 
lost  about  20  per  cent,  of  their  weight. 

Relative  Loss  in  Various  Tissues. — Roughly  speaking,  we  may 
take  the  body  of  a  man  to  be  made  up  of  the  following  propor- 
tions of  the  more  important  textures : — 

Muscles, ....  50  per  cent. 

Skin  and  fat,  ...  ...  25  " 

Viscera, 12  " 

Skeleton,   .    :        .    .        .  13  " 

When  we  consider  that  the  muscles  make  up  such  a  large 
proportion  to  the  body  weight,  we  cannot  be  surprised  that  in 
starvation  the  greatest  absolute  loss  occurs  in  this  tissue' — except 
in  the  case  of  excessively  fat  animals.  Next  comes  adipose 
tissue,  which  almost  entirely  disappears,  so  that  its  relative  loss 
is  greatest,  but  its  absolute  loss  varies  in  proportion  to  the  fat- 
ness of  the  animal  at  the  beginning  of  the  investigation.  The 
spleen  and  liver  lose  more  than  half  their  weight,  and  the 
amount  of  blood  is  greatly  reduced.  The  smallness  of  the  loss 
that  occurs  in  the  great  nervous  centers  is  very  striking.  They 
seem  to  feed  on  the  other  tissues. 

The  following  table  gives  the  approximate  percentage  of  loss 
which  takes  place  in  each  individual  tissue  during  starvation  : — 


Fat, 

.    .    97.0  per  cent 

Muscle,       

.    30.2      " 

Heart,     .               .    . 

.      0         " 

Liver,  ... 

.-  56.6'     « 

Spleen,    . 

.    63.1      " 

Blood,     

.    17.6      " 

Nerve-centers,        .    . 

0         " 

With  regard  to  the  place  of  exit  of  the  waste  product,  it  has 
been  found  that  practically  all  the  nitrogen  passes  off  with  the 
urine,  and  about  nine-tenths  of  the  carbon  escapes  by  the  lungs 
as  CO  2,  the  remaining  one-tenth  passing  off  by  the  intestine 
and  kidneys.  Three-fourths  of  the  water  is  found  in  the  urine, 
and  one-fourth  goes  off  from  the  skin  and  lungs. 

The  following  table  shows  the  items  of  the  general  loss,  and 
the  amount  per  cent,  which  passes  out  by  the  chief  channels  of 
exit : — 
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Total  Elimination. 

Via  Kidneys. 

Lungs  and  Skin. 

Excrement. 

Water,    .    .    . 
Carbon,  . 
Nitrogen,  '. 
Salts,  . 

995.34  g™. 

205.96  " 
30  81  " 
10.03     " 

70.2% 

6.4% 

100.0% 

970% 

26.1% 
92-6% 

37% 
'•9% 

2.4% 

The  loss  of  weight  of  an  animal's  body  during  starvation  is  at 
first  rapid  and  then  very  gradual.  The  amount  of  material 
eliminated  is  also  found  to  diminish  much  more  slowly  after 
the  first  few  days.  This  is  well  seen  from  the  nitrogenous 
elimination.  For  the  first  four  days  the  amount  of  urea  falls 
very  rapidly;  it  then  decreases  slowly  as  long  as  some  fat 
remains,  after  which  it  increases,  remaining  almost  constant 
until  death.  The  amount  varies  with  the  slow  decrease  in 
weight  of  the  animal.  This  has  led  to  the  conclusion  that  the 
nitrogenous  material  eliminated  during  a  full  diet  comes  partly 
from  used-up  nitrogenous  tissues,  and  partly  from  nitrogenous 
materials  which  have  never  been  really  assimilated,  but  are  the 
result  of  decomposition  of  the  surplus  nitrogenous  food.  Pro- 
teids  have  been  supposed  to  exist  in  the  body  in  two  states,  viz., 
(1)  that  forming  part  of  the  tissues,  and  (2)  that  "  circulating," 
ready  for  the  nutritive  demands  of  the  tissues. 


An  Income  Equal  to  the  output  of  Starvation. 

In  the  second  case,  namely,  where  the  amount  of  food  sup- 
plied is  just  equal  to  the  expenditure  found  to  take  place  during 
starvation,  one  might  suppose  that  the  diet,  though  minimal, 
would  yet  suffice  to  preserve  the  normal  body  weight.  Experi- 
ment shows  this  to  be  far  from  being  the  case. 

An  animal  fed  on  diet  equal  in  quantity  to  the  output  during 
starvation  loses  weight,  and  the  quantity  of  nitrogen  eliminated 
(urea)  is  in  excess  of  the  low  standard  found  during  complete 
abstinence  from  food.  From  this  if  would  appear  that  even 
when  supplied  with  an  amount  of  nitrogenous  material  equal  to 
that  used  by  the  tissues  during  starvation,  an  animal  takes  a 
further  supply  from  its  own  textures,  and  eliminates  some  of  the 
38 
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nitrogenous  nutriment  before  its  assimilation.  The  scanty 
allowance  of  nutriment  borrowed  from  the  tissues  during  starva- 
tion is  only  adequate  so  long  as  there  is  absolutely  no  income ; 
when  food  is  supplied  an  increased  expenditure  is  set  up,  the 
income  is  exceeded,  and  a  deficit  occurs  in  the  nitrogen  balance. 
Probably  some  of  the  nitrogenous  nutriment  is  rendered  useless 
by  the  processes  it  undergoes  in  the  intestine,  even  when  the 
quantity  is  not  sufficient  to  support  the  equilibrium.     (Compare 

PP-  187,  399-) 

It  follows,  then,  that  feeding  an  animal  on  an  amount  of 
food-stuffs  exactly  corresponding  to  the  quantity  of  nutriment 
abstracted  from  its  own  textures  during  total  abstinence  is  only 
a  slower  form  of  starvation. 

With  regard  to  nitrogenous  substances,  it  has  been  proved 
that  nearly  three  times  the  amount  eliminated  during  starvation 
is  required  in  the  food  to  establish  an  equilibrium  between  the 
income  and  expenditure  of  those  special  substances,  and  that 
less  than  this  leads  to  a  distinct  nitrogenous  deficit.  It  has 
been  proved  that  .02  per  cent,  of  the  body  weight  is  the 
minimal  daily  allowance  of  proteid  required  to  prevent  loss  of 
weight. 

Nutritive  Equilibrium. 

The  third  case  mentioned,  viz.,  that  in  which  the  nutritive 
equilibrium  is  exactly  maintained,  so  that  the  body  weight 
remains  unaltered,  is  the  most  important  one  for  us  to  deter- 
mine, since  its  final  settlement  would  enable  us  to  fix  the  most 
beneficial  standard  of  diet.  Unfortunately,  this  case  is  also  the 
most  difficult  upon  which  to  come  to  a  satisfactory  conclusion, 
for  the  following  reasons  :  — 

1.  The  elaborate  nature  of  the  conditions  imposed  during  the 
experiment  makes  it  difficult  to  carry  on  the  investigation  with 
scientific  accuracy.  , 

2.  Even  when  the  amounts  of  gain  and  loss  exactly  corre- 
spond we  cannot  say  that  we  have  the  best  dietary  j  because 
some  of  the  income  may  be  quite  useless,  and  pass  through  the 
economy  without  performing  any  function,  and  yet  appear  in 
the  output  so  as  to  give  an  accurate  balance. 
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3.  We  have  just  seen  that  the  relative  amounts  of  outgoings 
and  of  material  laid  by  as  store  are  altered  and  regulated  by  the 
quantity  of  income.  And  we  find  that  the  quality  of  the  income, 
/.  e.,  the  relative  proportions  of  the  various  food-stuffs,  has  a 
material  influence  on  the  quantities  of  material  laid  by  and  elim- 
inated, respectively.  We  must,  therefore,  consider  the  efScacy 
of  each  of  the  groups  of  the  food-stuffs  when  employed  alone 
and  mixed  in  different  proportions. 

4.  Different  animals  seem  to  have  different  powers  of  assimi- 
lation ;  and  under  various  circumstances  the  requirements  and 
assimilative  power  of  the  same  animal  may  vary. 

Nitrogenous  Diet. — An  animal  fed  upon  a  purely  meat  diet 
requires  a  great  amount  of  it  to  sustain  its  body  weight.  It  has 
been  found  that  from  ^  to  ^  of  the  body  weight  in  lean  meat 
must  be  eaten  daily  to  keep  an  animal  from  losing  weight.  If 
more  than  this  amount  be  supplied  the  animal  increases  in  weight, 
and  as  its  weight  increases  a  greater  amount  of  meat  is  required 
to  keep  it  up  to  the  new  standard.  So  that  to  produce  a  pro- 
gressive increase  of  weight,  with  a  purely  meat  diet,  it  is  necessary 
to  keep  on  increasing  the  quantity  of  meat  given.  The  reason 
of  this  is  found  in  the  fact  that  albuminous  diet  causes  an  increase 
in  nitrogenous  metabolism. 

If  an  animal  be  given  an  ad  libitum  supply  of  lean  meat,  by  far 
the  larger  proportion  of  the  nitrogen  is  given  off  in  the  urine, 
and  a  comparatively  small  proportion  is  stored  up.  If  this  large 
supply  of  meat  be  continued  for  some  time,  less  and  less  of  the 
nitrogen  is  stored,  and  more  and  more  is  eliminated  as  urea, 
until  finally  the  nitrogen  excreted  just  corresponds  with  that  of 
the  albuminous  materials  in  the  ingesta.  This  balance  of  nitrog- 
enous income  and  expenditure  is  spoken  of  as  nitrogenous  equilib- 
rium. For  each  new  body  weight  there  is  a  new  nitrogenous 
equilibrium,  which  is  only  attained  after  the  disturbed  relation 
between  the  nitrogenous  ingesta  and  excreta  has  been  re-ad- 
justed. 

Gelatin,  which  forms  an  important  item  in  many  kinds  of 
food,  contains  a  large  proportion  of  nitrogen.  It  is  remarkable 
that,  in  spite  of  its  chemical  likeness  to  albumin,  it  can  sustain 
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the  body  weight  no  better  than  fats  or  carbohydrates.  Even 
when  mixed  with  the  latter  and  given  in  abundance,  the  animal 
dies  of  nitrogen  starvation.  But  if  used  together  with  albumin, 
it  prevents  excessive  nitrogenous  metabolism  and  spares  the  pro- 
teid.  Thus  a  dog  was  found  to  lose  weight  on  a  diet  of  500 
grras.  of  meat,  but  when  200  grms.  of  gelatin  were  substituted 
for  200  grms.  of  meat,  the  animal  gained  weight.  Though  use- 
less by  itself  as  a  source  of  nitrogen,  it  seems  more  efficacious  in 
establishing  an  equilibrium  than  proteid,  when  mixed  with  the 
latter. 

The  increase  in-  weight  which  follows  a  liberal  meat  diet 
depends  in  a  great  measure  on  fat  being  stored  up  in  the  body. 
Much  more  of  this  material  is  made  than  could  come  from  the 
fat  taken  with  the  meat ;  hence,  we  conclude  that  it  is  made  from 
the  proteid. 

Non-nitrogenous  Diet. — The  effect  of  a  diet  without  any  albu- 
minous food  is  that  the  animal  dies  of  starvation  nearly  as  soon 
as  if  deprived  of  all  forms  of  food,  with  the  exception  that 
the  weight  of  the  body  is  much  less  reduced  at  the  time  of 
death. 

Both  fats  and  carbohydrates  when  given  with  proteid  diminish 
the  nitrogenous  waste  and  reduce  the  amount  of  meat  necessary 
to  sustain  the  equilibrium.  They,  like  gelatin,  are  "  proteid 
sparers,"  i.  e.,  supplysome  essential  material  that  would,  in  their 
absence,  require  much  proteid  to  yield. 

It  has  been  estimated  that  the  nitrogenous  metabolism  is  re- 
duced seven  per  cent,  by  the  addition  of  fat,and  ten  per  cent,  by 
the  addition  of  carbohydrate  food  to  the  meat  diet ;  therefore 
a  mixed  diet  is  the  best.  Fats  and  sugars  supply  to  the  body 
readily  oxidizable  materials,  and  thus  shield  the  albuminous 
tissues  from  oxidation,  as  well  as  reducing  absolutely  the  nitro- 
genous metabolism. 

It  would  appear  from  the  experience  gained  from  the  stall- 
feeding  of  animals  that  a  good  supply  of  carbohydrates,  together 
with  a  limited  quantity  of  nitrogenous  food,  is  admirably  adapted 
to  produce  fat.  Since  much  more  fat  is  produced  than  could  be 
accounted  for  by  the  fatty  constituents  of  their  diet,  we  must 
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suppose  that  fat  can  be  manufactured  from  their  carbohydrate 
food. 

A  sound  knowledge  of  the  production  of  fats  in  the  body  can 
only  be  gained  by  bearing  in  mind  the  properties  of  the  proto- 
plasm. There  can  be  no  doubt  that  protoplasm,  if  properly 
nourished,  can  manufacture  fat.  As  examples,  we  may  take  the 
cells  of  the  mammary  gland  and  connective  tissue.  This  fat 
production  may  be  regarded  as  a  secretion  of  fat,  though  only 
in  one  of  the  examples  given  does  it  appear  externally  as  a 
definite  secretion — milk.  We  cannot  scrutinize  the  chemical 
methods  by  which  this  change  is  brought  about  in  protoplasm 
any  more  than  those  which  give  rise  to  the  special  constituents 
or  other  secretions.  We  know  that  protoplasm  requires  for  its 
nutrition  albumin,  fat,  and  carbohydrate,  and  the  proportion 
most  nutritious  for  the  body  generally  is  also  the  proportion  in 
which  protoplasm  requires  these  substances  for  its  perfect  nutri- 
tion. In  the  case  of  fat  formation  a  supply  of  fat  or  carbo- 
hydrate ought  to  suffice  if  accompanied  by  a  small  amount  of 
albuminous  substance.  If  these  non-nitrogenous  substances  be 
withheld,  the  protoplasm  can  obtain  the  quantity  of  carbon, 
hydrogen,  and  oxygen  requisite  to  manufacture  fat  from  albu- 
min, but  this  would  be  an  extravagant  method,  wasting  both 
proteid  nutriment  and  protoplasmic  energy. 

Fat  cannot  be  produced  by  the  tissue  cells  without  nitrogen 
in  the  diet,  because  the  fat  manufacturing  protoplasm  cannot 
live  without  nitrogen,  which  is  absolutely  necessary  for  its  own 
assimilative  re-integration.  A  good  supply  of  nitrogenous  food 
aids  in  fattening,  since  it  gives  vigor  to  all  the  protoplasmic 
metabolism,  and  among  them  fat  formation. 

Excessive  Consumption. 

The  last  case  we  have  to  consider  is  that  in  which  the  supply 
of  food  material  is  in  excess  of  the  requirements  of  the  economy. 
This  is  certainly  the  commonest  case  in  man. 

Much  surplus  food  never  really  enters  the  system,  but  is  con- 
veyed away  with  the  feces. 

In  speaking  of  pancreatic  digestion,  reference  has  been  made 
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to  the  possible  destiny  of  excess  of  nitrogeneous  food.  In  the 
intestine,  some  of  it  is  decomposed  into  leucin  and  tyrosin, 
which  are  absorbed  by  the  intestinal  blood-vessels.  In  the 
body  these  substances  undergo  further  changes,  which  probably 
take  place  in  the  liver.  As  a  result  of  the  absorption  of  leucin, 
a  larger  quantity  of  urea  appears  in  the  urine,  and  hence  the 
leucin  formed  in  the  intestine  by  prolonged  pancreatic  diges- 
tion is  an  important  source  of  urea.  This  view  is  supported 
by  the  almost  immediate  increase  in  the  quantity  of'  urea 
eliminated  when  albuminous  food  is  taken  in  large  quantity. 

From  the  fact  that  a  considerable  amount  of  fat  may  be 
stored  up  by  an  animal  supplied  with  a  liberal  diet  of  lean 
meat,  we  must  conclude  that  part  at  least  of  the  surplus  albumin 
goes  to  form  fat.  It  has  been  suggested  that  after  sufficient 
albumin  has  been  absorbed  for  the  nitrogenous  tissues,  the  rest 
is  split  up  into  two  parts,  one  of  which  is  immediately  prepared 
by  the  liver  for  elimination  as  urea,  and  the  other  undergoes 
changes,  probably  in  the  same  organ,  preparatory  to  its  being 
converted  into  fat. 

From  the  foregoing  it  will  be  gathered  that  we  cannot  say 
what  are  the  exact  destinies  of  the  various  food-stufifs  in  the 
body.  Proteids  are  not  exclusively  utilized  in  the  re-integra- 
tion of  proteid  tissues,  as  an  excess  gives  rise  to  a  deposit  of 
fat.  Carbohydrates  are  not  employed  simply  to  replace  the 
carbohydrates  constituting  part  of  the  tissues,  but  as  will  be 
shown  when  speaking  of  muscle  metabolism,  they  are  intimately 
related  to  the  chemical  changes  which  take  place  during  the 
activity  of  that  tissue.  If  fats  are  chiefly  devoted  to  the 
restitution  of  the  fat  of  the  body,  they  certainly  are  not  the 
only  kind  of  food  from  which  fat  can  be  made. 

We  may  say  that  all  food-stuffs  are  destined  to  feed  the  living 
protoplasm,  whether  it  be  in  the  form  of  gland  cells,  the  cells 
of  the  connective  tissues,  or  muscle-plasma,  so  that  all  the  food- 
stuifs  that  are  really  assimilated  contribute  to  the  maintenance 
of  protoplasm  and  subserve  to  its  various  functions.  Besides 
nourishing  itself  and  keeping  itself  up  to  a  certain  standard 
composition,    protoplasm     can     make    the    various    chemical 
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materials  we  find  in  the  body.  Some  produce  fat,  some 
animal  starclj  (glycogen),  and  others  manufacture  the  various 
substances  we  find  in  the  secretions ;  while  yet  another  group 
is  devoted  to  setting  free  and  utilizing  the  energy  of  the  various 
chemical  associations. 

Dietaries. 

The  question  of  the  quantity  and  qjiality  of  food  required  to 
form  the  most  ecpnomic  and  wholesome  dietary  is  one  of  great 
importance,  and  involves  many  questions  which  cannot  receive 
adequate  attention  in  this  manual.  As  a  rule  men,  like  other 
animals,  partake  of  food  largely  in  excess  of  their  physiological 
requirements,  when  they  can  get  it.  This  may  be  seen  by  con- 
trasting one's  own  daily  food  with  the  amount  which  has  been 
found  to  be  adequate  in  the  case  of  individuals  who  have  not 
the  opportunity  of  regulating  their  supplies  of  comestibles. 

All  the  proximate  constituents,  mixed  in  varying  proportion, 
are  contained  in  many  kinds  of  foods.  From  the  following  list 
combinations  may  be  selected  to  form  dietaries  suitable  for 
special  cases. 

100  parts  of  the  following  foods  contain  : — 


Proteids. 


Fats.     Carbohydrates.     Salts. 


Cow's  milk. 

S-4 

4-3 

4 

o-S 

Cheese,    . 

.36 

25 

— 

4 

Pea-meal, 

•  23 

2 

57 

2 

Maize-flour, 

II 

8 

65 

1.7 

Oat-meal,     . 

12.6 

5-6 

64 

3 

Barley-meal, 

•    6.3 

2.4 

74 

2 

Rye  meal,    . 

8 

2 

73 

1.8 

Wheaten  flour, 

12 

1-7 

70 

2 

Rice, 

6.3 

0.9 

79 

O.S 

Eggs  (yolk  and  white), 

IS 

16 

o.s 

0.8 

Beef  (fat),              .    . 

'3 

3.5 

0.2 

2S 

Beef  (lean). 

.  20 

2 

■3 

3-6 

Fish  (white), 

.  18 

2.9 

I 

Cabbage,     . 

.    2.1 

0-3 

4S 

I 

Potatoes,  . 

2 

O.I 

22 

0.7 

Carrots,    . 

'■3 

0.2 

I4-S 

I 

Turnips,  . 

1.2 

— 

7.2 

.6 

Butter, 

.    0.6 

83 

— 

2 

Ranke  concluded  from  experiments  on  himself  that  an  adult 
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man  should   be  supplied  with  the  following  amounts  of  the 
proximate  principles  of  food  daily : — 


Proteid  foods, 
Fate,  .    .    ;    . 
Carbohydrates,  . 
Salte,  . 
Water,    .    .    . 


100  grms.,  or  about  3.5  ozs. 

100      "         "  3.5     " 

250      "         "  8.75  " 

30     "        "  l.o    " 

2000  c.c,        "  3.5  pints. 


Many  persons  have  to  work  on  a  less  liberal  diet  than  this, 
and  working  natives  of  India  thrive  on  a  far  less  quantity  of 
proteid  than  that  given  in  this  table,  but  this  amount  is  said  to 
be  necessary  for  an  English  workman. 

Individual  taste,  as  a  rule,  selects  a  diet  with  excess  of  pro- 
teid, i.  (?.,  too  much  meat.  Economy  dictates  the  cheaper  car- 
bohydrates in  excess' — maize  and  oatmeal  being  especially 
valuable  from  the  amount  of  fats  they  contain.  Necessity  has 
been  said  to  enforce  in  some  parts  of  Ireland  a  diet  consisting 
of  potatoes  only.  It  was  found  difBcult  to  understand  how  a 
human  being  could  eat  enough  potatoes  to  obtain  an  adequate 
supply  of  proteid  or  of  fat,  requiring  25  pounds  per  diem.  The 
mystery  is  solved  by  the  fact  that  there  are  no  instances  in  which 
this  so-called  potato  diet  is  not  supplemented  by  copious  draughts 
of  buttermilk,  and  perhaps  an  egg  or  an  occasional  rabbit. 

The  following  diets  may  be  compared  with  the  standard  given 
above.  The  most  liberal  of  these  is,  as  a  rule,  exceeded  by 
well-to-do  people : — 


Proteid,     . 

Fat 

Carbohydrates, 


Prison  Fare — 

Short  term 
without  labor. 

.    2.44  ozs. 
.        .6      " 

•  14-7     " 


Prison  Fare — 
Hard  labor. 

4    OZS. 

1.5" 


Naval 
allowance. 

5     ozs. 

2.37  " 
20        " 


As  a  sample  of  a  very  liberal  domestic  diet,  without  luxury, 
the  following  proportions  of  ordinary  comestibles  may  be 
given  : — 


Bread,  .  8  ozs. 

Butter,    .        .  .  2    " 

Sugar I    " 

Meat  (free  from  bone), .  8    " 
Fish, 4   " 


Potatoes,  etc.,  .4  ozs. 

Milk,  .  .  .  yi-pt. 

Cheese, i  oz. 

Rice,  etc.,  pudding,  .    .  2  " 
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This  would  cost  about  is.  6d.  per  diem  and  would  yield  in 
round  numbers — 

Proteid, 132  grms.  t=    4.6  ozs. 

Fat,      -78      "     =    2.6    " 

Carbohydrate, 315      "     =  I0.5    " 

An  adequate  diet,  constructed  with  a  view  to  economy  alone, 
would  require  the  expensive  proteids  and  fats  to  be  reduced,  and 
the  deficiency  made  up  by  a  greater  quantity  of  the  cheaper 
carbohydrates.     Thus — 


Oat-meal,  . 
Pea-meal,  . 
Potatoes, 
Cheese, 
Suet,  etc.,  . 


3  " 

16  " 

.     I  " 

■'A  " 


Which  would   cost  about   3(/.    per  diem,  and   would   yield 
about — 

Proteid,     ....  ...        80  grms.  =    2.75  ozs. 

Fat 37       "     =    1.25    " 

Carbohydrate, 350      "     =  u.75    '' 

The  estimates  of  cost  are  irrespective  of  cooking. 


39 
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CHAPTER  XXIII. 


ANIMAL  HEAT. 
The  bodies  of  most  animals  are  considerably  warmer  than 
their  surroundings.  Part  of  the  energy  set  free  in  the  animal 
tissues  appears  as  heat.  Warm-blooded  animals  are  those  which 
habitually  preserve  an  even  temperature  independent  of  the 
changes  which  take  place  in  that  of  the  medium  in  which  they 
live ;  and,  as  the  term  warm-blooded  implies,  their  temperature 
is,  as  a  rule,  higher  than  the  surrounding  air  or  water.  Cold- 
blooded animals,  on  the  other  hand,  are  those  with  a  varying 
temperature,  which  is  considerably  affected  by  that  of  the 
medium  surrounding  them. 

The  blood  of  all  mammalia  has  about  the  same  temperature  as 
that  of  man,  about  37.5"  C.  But  birds  have  a  temperature 
about  4°  or  6°  C.  higher  than  that  of  mammals. 

The  blood  of  animals  with  varying  temperature  is  generally 
from  i"  to  s"  C.  higher  than  the  medium  in  which  they  live. 
They  produce  some,  though  little,  heat,  and  since  they  have  no 
special  plan  for  its  regulation,  it  does  not  remain  at  a  fixed 
standard.  In  every  part  where  active  oxidation  takes  place, 
heat  is  produced ;  so  even  in  invertebrate  animals  an  elevation 
of  temperature  occurs ;  this  can  be  ascertained  where  they  exist 
in  masses,  as  in  bee-hives,  an  active  hive  sometimes  reaching  a 
temperature  of  35°  C. 

Instead  of  the  term  "warm-blooded"  and  "cold-blooded," 
respectively,  it  is  more  accurate  to  apply  to  animals  with  even 
temperature  the  term  "  Jlomeothermic"  (of  constant  tempera- 
ture), and  to  animals  with  varying  temperatures,  "Poikilo- 
thermic ' '  (of  changing  temperature). 

On  account  of  the  slight  amount  of  variation  that  occurs  in 
the  temperature  of  man,  all  the  changes  can  be  measured  with 
a  thermometer  having  a  short  scale  of  20  degrees,  each  degree 
of  which  occupies  considerable  length  on  the  instrument,  so 
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that  very  slight"  variations  may  be  easily  appreciated.  Such 
thermometers  have  a  detached  fragment  of  mercury  which 
remains  to  register  the  maximum  height  attained,  and  are  in 
daily  use  for  clinical  observation,  for  the  temperature  of  the 
body  is  now  a  most  important  aid  to  diagnosis  and  prognosis  in 
febrile  diseases. 

As^heat  is  constantly  being  lost  at  the  surface  of  the  body, 
the  skin  is  colder  than  the  deeper  parts.  In  order  to  avoid 
variations  caused  by  this  surface  loss — which  depends  on  the 
temperature  of  the  air — special  care  is  necessary.  The  instru- 
ment may  be  brought  into  close  proximity  to  the  deeper  parts 
by  being  introduced  into  one  of  the  mucous  passages,  where  it 
is  closely  surrounded  by  vascular  tissue.  In  animals  the  rectum 
is  the  most  convenient  part  for  the  application  of  the  thermom- 
eter, but  in  clinical  practice  it  is  usually  placed  under  the  tongue 
or  in  the  armpit,  the  bulb  being  held  so  that  on  all  sides  it  is  in 
contact  with  the  skin  and  protected  from  the  cool  air. 

The  variations  at  different  parts  of  the  body  are  but  slight, 
and  the  average  normal  surface  temperature  in  man  is  found  to 
be  about  37"  C. 

Normal  Variations  in  Temperature. 
I.  The  temperature  of  the  whole  body  normally  undergoes 
certain  variations. 

a.  It  is  highest  between  4  and  5  p.  m.  and  lowest  between 
2  and  4  a.  M.,  the  transition  being  gradual.  This  diurnal  varia- 
tion, which  normally  does  not  exceed  1°  C,  is  much  exaggerated 
in  certain  fevers. 

b.  The  temperature  rises  after  a  hearty  meal  and  falls  during 
fasting.  During  starvation  the  temperature  sinks  gradually  until 
the  death  of  the  individual. 

c.  The  temperature  is  highest  at  birth,  and  falls  about  1°  C. 
between  that  and  the  age  of  50  years, — in  extreme  old  age  it  is 
said  that  it  again  rises. 

d.  Muscular  exertion,  which  gives  the  individual  the  sensation 
of  great  warmth,  only  changes  the  temperature  of  the  blood 
about  .5°  C.     The  very  high  temperature  which  accompanies  the 
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disease  tetanus,  where  all  the  muscles  are  thrown  into  a  state  of 
spasm,  probably  depends  more  on  pathological  changes  than  on 
muscular  action. 

e.  Mental  exertion  is  also  said  to  cause  a  rise  of  temperature. 
f.  Slight  differences  in  the  heat  of  the  blood  may  be  brought 
about  by  variations  in  the  surrounding  temperature.  The 
abnormally  high  temperature  of  fever  is  much  more  easijy  af- 
fected by  changes  in  the  rate  of  removal  of  the  heat  from  the 
body  than  is  the  normal  temperature,  and  hence  the  therapeutic 
value  of  cold  applications  in  this  class  of  disease. 

II.  In  different  parts  of  the  body  the  temperature  varies  to  a 
slight  extent,  and  depends  upon  the  following  circumstances : 
I.  The  amount  of  blood  flowing  through  the  part.  2.  The 
amount  of  heat  produced  in  it,  i.  e.,  the  activity  of  its  tissue 
change.  3.  The  amount  of  heat  lost,  which  depends  on  its 
proximity  to  the  surface. 

From  this  it  is  obvious  that  the  deeper  parts  of  the  body, 
where  active  chemical  change  takes  place,  and  which  are  pro- 
tected from  exposure,  must  be  warmer  than  the  exterior,  which 
is  constantly  giving  out  its  heat.  The  blood  which  flows  through 
the  surface  vessels  is  cooled,  and  that  which  flows  through  the 
deeper  vascular  viscera  is  warmed.  Thus  the  skin  is  usually 
about  37°  C,  while  the  mouth  beneath  the  tongue  is  about  37.5° 
C,  and  the  rectum  about  38°  C.  The  temperature  of  the  blood 
therefore  varies  within  narrow  limits,  according  to  the  part  of  the 
body  through  which  it  has  recently  passed.  The  mean  tempera- 
ture of  the  blood  is  higher  than  that  of  the  tissues.  The  blood 
in  the  hepatic  capillaries  is  the  warmest  in  the  body.  This 
reaches  40.73°  in  the  dog,  or  nearly  two  degrees  higher  than 
that  in  the  aorta  of  that  animal.  The  cool  blood  from  the 
extremities  and  head  mingling  in  the  right  side  of  the  heart  with 
the  unusually  warm  blood  from  the  liver  keeps  the  blood  going 
to  the  lungs  at  the  standard  temperature.  The  blood  in  the  left 
side  of  the  heart  is  a  little  cooler  than  that  in  the  right,  probably 
because  the  latter  lies  on  the  warm  liver,  as  is  proved  by  the 
substitution  of  a  cold  object  for  this  organ,  when  the  blood  on 
the  right  side  becomes  colder  than  the  left.     It  is  not  because 
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the  blood  is  cooled  going  through  the  lungs,  for  the  heat  used 
in  warming  the  respired  air  is  given  off  chiefly  by  the  nose  and 
other  air  passages,  and  not  by  the  alveoli  of  the  lungs. 

III.  The  temperature  of  an  organ  varies  with  the  state  of  its 
activity.  During  the  active  state  the  glands,  etc.,  receive  more 
blood  and  undergo  more  active  chemical  change,  so  that  they 
become  warmer. 

Mode  of  Production  of  Animal  Heat. 

It  has  already  been  stated  that  the  general  tendency  of  tissue 
change  may  be  compared  to  combustion  of  certain  substances 
obtained  from  the  vegetable  kingdom,  viz.,  proteid,  fat,  carbohy- 
drate. The  combustible  substances  are  capable  of  being  burned 
in  the  open  air,  or  made  to  unite  with  oxygen  so  as  to  produce  a 
certain  amount  of  heat,  being  thus  converted  into  COj  and  H2O. 
In  the  body  the  oxidation  goes  on  in  a  gradual  or  modified  way, 
and  the  end-products  of  the  process  can  be  recognized  as  CO2 
eliminated  from  the  lungs,  and  as  water  and  urea  got  rid  of  by 
the  kidneys.  The  general  tendency  of  the  chemical  changes  in 
the  tissues  is  such  as  will  set  free  energy  in  the  form  of  heat. 

The  amount  of  heat  that  any  substance  is  capable  of  giving  off 
corresponds  to  the  amount  of  energy  required  for  the  formation 
from  CO2  and  H^O,  etc.,  of  the  compounds  contained  in  it,  and 
this  correspondence  remains  whether  the  oxidation  take  place 
rapidly  or  slowly.  The  substances  we  make  use  of  as  food  have 
thus  a  certain  heat  value  which  depends  upon  their  chemical  com- 
position. 

The  high  temperature  which  homeothermic  animals  can  keep 
up  in  spite  of  the  cold  of  the  atmosphere  in  which  they  live  is 
readily  accounted  for  by  the  chemical  change  which  is  constantly 
occurring  in  the  tissue  of  their  bodies. 

The  amount  of  heat  produced  in  any  part  depends  upon  the 
activity  of  the  tissue  change,  for  we  find  that  it  varies  with  the 
elimination  of  COj  and  urea,  which  gives  a  fair  estimate  of  the 
normal  chemical  changes  of  the  tissues. 

I.  The  diurnal  changes  in  temperature  are  accompanied  by  an 
afternoon  increase  and  a  morning  decrease  of  COj  and  urea. 
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2.  The  tissue  change  giving  rise  to  CO^  decreases  in  a  fasting 
animal,  as  does  also  the  production  of  heat. 

3.  More  CO2  is  eliminated  after  meals,  when  the  temperature 
also  rises. 

4.  The  activity  of  various  organs,  such  as  the  muscles  and 
glands,  is  associated  with  a  local  increase  of  temperature. 

Income  and  Expenditure  of  Heat. 

Income. — Food  is  the  fuel  of  the  aaimal  body,  and  the  pecu- 
liarity of  the  combustion  is  that  the  tissues  first  assimilate  the  fuel, 
and  then  themselves  undergo  oxidation  by  means  of  which  they 
perform  their  several  functions  and  produce  heat. 

As  already  mentioned,  heat  is  produced  most  abundantly  in 
those  tissues  which  undergo  most  active  chemical  changes,  hence 
the  protoplasmic  cells  of  glands  and  the  contractile  substance  of 
muscle  must  be  looked  upon  as  the  chief  agents  in  setting  heat 
free. 

The  physical  heat  value  of  a  body,  determined  by  its  combus- 
tion, is  always  the  same  ;  but  the  physiological  heat  value  of  food 
varies,  and  is  generally  less  than  the  physical  heat  value,  because 
many  substances  in  the  food  are  not  completely  burned  in  the 
body.  Proteid,  for  instance,  is  only  oxidized  to  urea,  which  can 
still  yield  heat.  As  each  gram  of  proteid  corresponds  to  Yi 
gram  urea,  the  heat  value  of  this  amount  of  urea  must  be  taken 
from  that  of  each  gram  of  proteid.  Fat  alone  appears  to  yield 
as  much  heat  when  burned  in  the  body  as  when  burned  outside. 

From  this  it  is  clear  that  the  possible  heat  income  depends  on 
the  quality  and  quantity  of  nutrient  matter  assimilated.  As  each 
kind  of  food  has  a  certain  heat  value,  i.  e.,  the  number  of  heat 
units  its  combustion  will  produce,  we  ought  to  be  able  to  estimate 
the  amount  of  heat  produced  by  ascertaining  this  value  and  sub- 
tracting the  calorific  value  of  the  various  excreta,  and  the  energy 
used  in  producing  the  muscular  movements  of  the  body.  In- 
teresting balance  sheets,  setting  forth  the  income  of  energy  from 
the  various  foods  and  the  calculated  expenditure,  as  heat,  have 
been  drawn  out,  but  the  data  on  which  they  are  based  are  so 
arbitrary  that  they  seem  to  be  of  little  practical  value.     Attempts 
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to  make  the  calculated  heat  income  correspond  with  the  expendi- 
ture have  not  been  productive  of  satisfactory  results,  the  calorific 
value  of  an  "  adequate  diet  "  being  hardly  sufficient  to  account 
for  the  heat  calculated  to  be  given  off  and  the  work  done  by  the 
muscles  in  movement,  etc. 

Since  the  activity  of  muscle  and  gland  tissue  is  constantly 
varying,  the  amount  of  heat  produced  must  also  vary.  We  know 
that  the  heat  set  free  by  any  organ,  such  as  a  gland  or  a  muscle, 
increases  in  proportion  to  the  increase  of  its  functional  activity, 
but  we  cannot  say  that  the  calorific  activity  can  vary  independ- 
ently of  other  circumstances.  Without  such  a  special  calorific 
function  of  some  tissues,  such  as  muscle,  the  actual  net  heat 
income  must  vary  with  circumstances  which  are  accidental,  and 
therefore  irregular. 

Since  we  know  that  the  nervous  system  controls  those  tissue 
activities  which  are  accompanied  by  the  setting  free  of  heat,  we 
can  understand  how  the  nerve  centers  can  materially  influence 
the  production  of  heat  in  the  body.  That  the  nervous  system 
can  cause  a  chemical  change,  giving  rise  to  a  greater  produc- 
tion of  heat,  without  any  other  display  of  functional  activity, 
we  do  not  know,  but  many  facts  seem  to  point  to  such  a  pos- 
sibility. 

Stimulation  of  certain  regions  of  the  nerve  centers  causes  a  rise 
of  temperature,  and  would  seem  to  indicate  a  special  thermal 
nervous  mechanism. 

But  for  the  present  we  are  not  in  a  position  to  speak  with 
decision  of  special  heat  metabolism,  or  of  nerves  with  a  purely 
thermic  action. 

The  Expenditure  of  the  heat  may  be  classed  under  the  follow- 
ing headings : — 

1.  In  warming  ingesta.  As  a  rule  the  food  and  drink  we 
use,  as  well  as  the  oxygen  we  breathe,  are  colder  than  the 
body,  and  before  they  pass  out  they  are  raised  to  the  body  tem- 
perature. 

2.  Radiation  and  Conduction.  From  the  surface  of  the  skin  a 
quantity  of  heat  is  expended  in  warming  the  surrounding  medium, 
which   is  habitually  colder  than  our  bodies.     The   colder  the 
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medium,  the  greater  its  absorption  of  heat.  The  better  con- 
ductor of  heat  the  surrounding  medium  happens  to  be,  the  more 
quickly  it  robs  us  of  warmth ;  thus  water,  or  damp  air,  takes  up 
more  heat  from  our  surface  than  dry  air  of  the  same  temperature. 
The  quantity  of  heat  lost  is  still  further  increased  if  the  medium 
be  in  motion,  so  that  the  relatively  colder  fluid  is  constantly 
renewed.  Hence  wind  of  the  same  temperature  as  still  air  feels 
much  colder. 

3.  Evaporation,  (a)  From  the  larger  air  passages:  a  quan- 
tity of  water  passes  into  the  vaporous  state  and  saturates  the  tidal 
air,  and  this  change  of  condition  from  liquid  to  that  of  vapor 
absorbs  much  heat ;  (/5)  From  the  skin  :  surface  evaporation  is 
always  going  on,  even  when  no  moisture  is  perceptible  on  the 
skin,  and  much  fluid  of  which  we  are  not  sensible  is  lost  in  this 
way.  The  quantity  of  heat  lost  by  evaporation  from  the  skin 
will  depend  on  the  temperature  and  the  dryness  of  the  air. 

Balance. — As  has  been  said,  the  exact  income  of  heat  is  uncer- 
tain and  variable  because  the  data  upon  which  the  absolute 
amount  can  be  calculated  are  not  scientifically  free  from  error. 
According  to  the  most  careful  estimates  an  adult  weighing  82  kilo, 
produces  2,700,000  units  of  heat  in  the  twenty-four  hours,  which 
are  expended  in  the  following  way : — 

In  warming  ingesta 70,157  units  of  heat. 

In  warming  tidal  air, 140,064     "  " 

By   the   evaporation  of  656   grm.  of 

water  from  the  air  passages,  .    .    .     397,536     "  " 

By  surface  loss, 2,092,243     "  " 

From  this  it  appears  that  more  than  three-quarters  of  our  heat 
is  lost  by  the  skin  (77.5  per  cent.)  ;  by  pulmonary  evaporation, 
14. 7  per  cent.;  in  heating  the  air  breathed,  5.2  per  cent.;  in 
heating  ingesta,  2.6  per  cent. 

Maintenance  of  Uniform  Temperature. 

In  order  that  the  vital  processes  of  homeothermic  animals 
should  go  on  in  a  normal  manner,  it  is  necessary  that  their 
temperature  remain  nearly  constant,  and  we  have  seen  that  under 
ordinary  circumstances  it  varies  only  about  one  degree  below  or 
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above  the  standard  37°  C.     Thus  we  can  live  in  cold  or  warm 
climates,  and  our  body  temperature  remains  unaltered. 

There  is  a  limit,  however,  to  this  power  of  maintaining  a  uni- 
form standard  temperature.  If  a  mammal  be  kept  forsometime 
in  a  moist  medium,  where  evaporation  cannot  take  place,  at  a 
temperature  but  little  higher  than  its  body,  say  over  45°  C,  its 
temperature  soon  begins  to  rise  and  it  dies  with  the  signs  of 
dyspnea  and  convulsions  (probably  from  the  nervous  centers 
being  affected)  when  its  temperature  arrives  at  43°-45".  If 
placed  in  water  at  freezing  point  an  animal  loses  its  heat  quickly, 
and  when  its  body  temperature  has  fallen  to  about  20°  C.  it  dies 
in  a  condition  resembling  somnolence,  the  circulation  and 
respiration  gradually  falling. 

Since  a  variation  of  more  than  one  or  two  degrees  in  the 
temperature  of  our  bodies  interferes  with  the  vital  activities  of  the 
controlling  tissues  in  the  nervous  centers,  it  is,  of  course,  of  the 
utmost  importance  that  adequate  means  for  the  regulation  of  the 
mean  temperature  of  our  bodies  should  exist. 

The  temperature  of  an  animal's  body  depends  on  the  relations 
existing  between  the  amount  of  heat  generated  in  the  body  and 
the  amount  allowed  to  escape  at  the  surface.  Both  these  factors 
are  found  to  vary  as  the  result  of  quite  independent  conditions. 
Every  increase  in  the  activity  of  the  muscles,  liver,  etc.,  causes 
a  greater  production  of  heat,  while  a  fall  in  external  temperature 
causes  a  greater  escape  of  heat  from  the  surface. 

The  maintenance  of  uniform  temperature  may  be  accom- 
plished by  (i)  variations  in  the  heat  income,  so  arranged  as  to 
make  up  for  the  irregularities  of  expenditure,  or  (2)  varia- 
tions in  the  loss  to  compensate  for  the  differences  of  heat  gen- 
erated. 

Since  the  temperature  and  moisture  of  our  surroundings  are 
constantly  varying  between  tolerably  wide  limits,  the  amount  of 
heat  given  off  by  our  bodies  must  vary  considerably.  In  cold, 
damp  weather  a  great  quantity  of  heat  is  lost  in  comparison 
with  that  which  escapes  from  the  body  when  the  air  is  warm. 
If  the  heat  generated  had  to  make  up  for  the  changes  in  the  heat 
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lost,  we  should  find  a  correspondingly  great  difference  in  the 
amount  of  heat  generated  at  different  times  of  the  year.  No 
doubt  some  evidence  of  this  exists  in  the  keener  appetite,  /.  e., 
use  of  more  fuel,  during  cold  weather,  but  the  difference  is  not 
sufficiently  marked  to  prove  that  a  greater  amount  of  combustion 
takes  place  in  winter  than  in  summer.  Further,  if  the  preserva- 
tion of  a  uniform  body  temperature  depended  solely  upon  the 
variations  in  the  amount  of  income  keeping  pace  with  the  varia- 
tion in  the  expenditure,  we  should  find  it  inconvenient  to  set  our 
muscular  or  glandular  tissues  in  action,  except  when  the  external 
temperature  was  such  as  would  enable  us  easily  to  get  rid  of  the 
increased  heat  following  their  activity.  It  no  doubt  appears  that 
the  general  tissue  combustion,  as  measured  by  the  amount  of 
CO2  given  off,  increases  when  we  are  placed  in  colder  surround- 
ings— such  as  a  cold  bath  ;  still,  it  is  probable  that  the  variations 
in  heat  income  have  but  secondary  influence  in  regulating  the 
temperature.  If  the  heat  income  have  any  regulating  influence, 
we  are  ignorant  of  the  manner  in  which  such  influence  is  exerted. 
Its  variations  must  occur  more  slowly  than  those  in  the  output, 
and  they  cannot  follow  extrinsic  changes  of  temperature  so 
closely  as  do  the  variations  in  expenditure. 

On  the  other  hand,  we  know  that  the  heat  expenditure  may  be 
varied  by  mechanisms  which  are  almost  self-regulating.  It  has 
already  been  stated  that  the  great  majority  of  the  heat  is  lost  by 
the  parts  in  contact  with  the  air,  namely,  the  skin  and  air  pas- 
sages. In  these  places  the  warm  blood  is  exposed  to  the  cool  air, 
and  loses  much  of  its  heat  by  radiation,  conduction,  and  evapora- 
tion. It  is  obvious  that  the  greater  the  quantity  of  blood  thus 
exposed  for  cooling  the  greater  will  be  the  amount  of  heat  lost 
in  a  given  time  by  the  body  as  a  whole. 

If  we  review  the  circumstances  which  tend  to  destroy  the  uni- 
formity of  the  temperature  of  the  body,  we  shall  see  that  each 
one  is  accompanied  by  certain  physiological  actions  which  tend 
to  compensate  for  the  disturbing  influences.   - 

Compensation  for  Internal  Variations. — An  increase  in  the 
heat  income  may  be  induced  by  increased  chemical  activity  in 
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the  tissues,  notably  the  action  of  the  muscles  and  large  glands. 
When  this  increased  heat  is  communicated  to  the  blood,  the 
latter,  flowing  through  certain  nerve  centers,  brings  about  the 
following  results :  (a)  An  acceleration  of  respiratory  move- 
ment, increasing  the  amount  of  cold  air  to  be  warmed  and  satur- 
ated with  moisture  in  the  air  passages.  (Ji)  Relaxation  of  the 
cutaneous  arterioles,  exposing  a  greater  quantity  of  blood  to  the 
cooling  influence  of  the  air.  (c)  An  increase  in  the  amount 
of  sweat  secreted,,  affording  opportunity  for  greater  surface 
evaporation.  All  these  changes  concur  in  causing  escape  of  the 
surplus  caloric. 

As  an  example  may  be  mentioned  active  muscular  exercise, 
which  daily  experience  shows  us  is  always  accompanied  by  quick 
breathing  and  a  warm,  moist  skin. 

The  increased  production  of  heat  in  fever  depends  upon  a 
pathological  increase  of  metabolism.  It  gives  rise  to  the  same 
results,  with  the  exception  of  the  secretion  of  the  sweat,  which 
is  checked  probably  owing  to  the  toxic  inhibition  of  the  special 
nerve  mechanisms  controlling  the  glands.  This  deficiency  in 
the  heat-regulating  arrangements  has  much  to  do  with  the  ab- 
normally high  temperature  of  febrile  disease. 

When,  on  the  other  hand,  a  lesser  quantity  of  heat  is  produced, 
owing  to  inactivity  of  the  heat-producing  tissues,  the  reverse 
takes  place,  namely,  the  respiration  is  slow,  the  skin  is  pale  and 
dry,  so  that  little  heat  can  escape. 

Compensation  for  External  Variations  of  Temperature. — 
When  the  temperature  of  the  air  rises  much  above  the  average, 
the  escape  of  heat  from  our  body  is  hindered.  But  before  the 
blood  can  become  warmer,  the  hot  air,  by  stimulating  the  skin, 
brings  about  reflex  changes,  independent  of  the  body  tempera- 
ture, which  satisfactorily  check  the  tendency  to  an  abnormal 
rise.  This  can  be  shown  by  the  local  application  of  external 
heat,  by  means  of  which  (a)  a  rush  of  blood  to  the  skin  and 
(J))  copious  sweat  secretion  may  be  induced  in  a  part.  This  is 
brought  about  by  impulses  sent  directly  from  the  skin  to  the 
centers  regulating  the  local  vasomotor  and  secretory  mechanisms, 
which  cause  vascular  dilatation  and  secretive  activity  in  the  ex- 
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cited  part.  If  a  part  only  be  warmed,  a  local  effort  is  made  to 
cool  that  part ;  this  cannot  be  induced  by  variations  in  the  gen- 
eral body  temperature. 

When,  however,  the  atmosphere  becomes  very  warm,  all  the 
cutaneous  vessels  dilate  simultaneously,  and  the  escape  of  heat 
is  greatly  increased ;  while,  at  the  same  time,  so  much  blood 
being  occupied  in  circulating  through  the  skin,  the  deeper — 
heat-producing — tissues  are  supplied  with  less  blood,  and 
therefore  generate  a  lesser  quantity  of  heat.  Thus  any  rise  in 
the  external  temperature,  which  at  first  sight  would  seem  to 
impede  the  escape  of  heat  from  the  body,  really  facilitates  it,  by 
causing,  through  the  vascular  and  glandular  nerve  mechanisms 
of  the  skin,  a  greater  exposure  of  blood  to  the  air,  and  a  greater 
quantity  of  evaporation  from  the  warm  skm.  When  the  tem- 
perature of  the  air  reaches  that  of  the  body,  the  only  way  of 
disposing  of  the  heat  generated  in  the  body  is  by  evaporation, 
for  the  removal  of  heat  by  radiation  and  conduction  stop.  In 
animals  like  man,  whose  cutaneous  moisture  is  great,  external 
heat  seldom  causes  marked  change  in  the  rate  of  breathing,  but 
in  animals  whose  cutaneous  secretion  is  limited,  external  heat 
distinctly  affects  their  respiratory  movements,  as  may  be  seen  by 
the  panting  of  a  dog  on  a  very  warm  day,  even  when  the  animal 
is  at  rest. 

The  arrangements  for  preventing  the  loss  of  heat  when  the 
surroundings  are  unusually  cold  are  as  important  as  those  for 
facilitating  its  escape  in  very  warm  weather.  In  this  case  the 
cold,  acting  as  a  stimulus  to  the  vaso-constrictor  nerve  agencies 
of  the  skin,  causes  the  blood  to  retire  from  the  surface  and  fill 
the  deeper  organs,  where  more  heat  is  produced.  This  bloodless 
skin  and  the  underlying  fat  then  act  as  a  non-conducting 
boundary  protecting  the  warm  blood  from  exposure.  At  the 
same  time  the  secretion  of  sweat  is  controlled  by  a  special  nerve 
mechanism,  which  lessens  the  secretion  and  checks  evaporation, 
thereby  enabling  the  body  to  remain  at  the  normal  standard 
temperature. 

It  would,  then,  appear  that  the  chief  factors  regulating  the 
body  temperature  belong  to  the  expenditure  department,  viz.. 
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(a)  variation  in  the  quantity  of  moisture  evaporated  from  the 
skin  and  the  air  passages,  and  {S)  variations  in  the  quantity  of 
blood  exposed  to  be  cooled,  or  driven  from  the  surface  to  the 
deep-seated  heat-producing  organs. 

These  methods  of  regulation  have  to  compensate  not  only  for 
diiferiences  of  external  temperature,  but  also  for  fluctuations  in 
the  amount  of  heat  produced  in  the  tissues. 

The  regulating  power  of  the  skin  and  respiratory  tract  ap- 
pears to  be  adequate  for  the  perfect  maintenance  of  uniform 
temperature  only  within  certain  limits.  These  limits  vary 
much  in  different  animals ;  many  have  special  coverings  pro- 
tecting them  from  external  influences,  and  retain  their  warmth 
in  an  atmosphere  seldom  above  o°  C.  In  man  the  limits  vary 
according  to  many  circumstances,  e.  g. ,  both  extremes  of  age  are 
very  sensitive  to  changes  of  temperature.  It  would  appear  that 
for  about  io°  C.  above  and  below  the  body  temperature  our 
skin-regulating  mechanisms  are  adequate,  but  beyond  these 
limits  external  changes  aflfect  our  general  temperature,  and  if 
continued  become  injurious.  Of  course,  by  imitating  with 
clothing  the  natural  protection  with  which  some  animals  are 
endowed  we  can  aid  the  normal  regulating  factors,  and  bear 
much  greater  extremes  of  temperature  with  safety,  or  even 
comfort. 

The  Sensation  of  Cold. — It  is  somewhat  surprising  to  learn  that 
our  bodies  are  always  at  the  same  temperature,  no  matter  how  hot, 
or  how  cold,  we  feel.  Our  sensations  of  being  hot  or  cold  are 
explained  as  follows.  We  feel  hot  when  our  cutaneous  vessels  are 
full  of  warm  blood,  and  this  communicates  to  the  cutaneous 
nerve  terminals — the  sensory  nerves —  the  sensation  of  general 
warmth.  On  the  other  hand,  when  the  cutaneous  vessels  are 
empty  the  sensory  nerves  are  directly  affected  by  the  cold  of 
the  external  air.  Since  the  full  or  empty  state  of  the  vessels  of 
the  skin  frequently  depends  on  the  heat  or  cold  of  the  air,  we 
use  the  expressions,  "it  is  hot  or  cold  "  and  "  we  are  hot  or 
cold,"  as  synonymous,  because  both  ideas  arise  from  the  same 
state  of  the  skin.  But  we  can  make  ourselves  feel  warm  by 
violent  exercise  even  on  a  frosty  day,  because  we  generate  so 
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much  heat  by  muscular  action  that  the  cutaneous  vessels  have 
to  be  dilated  in  order  to  get  rid  of  the  surplus,  and  our  skin 
feels  warm.  Our  feelings,  when  we  say  we  are  warm  or  cold, 
simply  depend  upon  our  cutaneous  vessels  being  full  or  empty 
of  warm  blood. 

The  local  appreciation  of  differences  of  temperature  will  be 
discussed  in  the  chapter  dealing  with  the  sense  of  Touch. 
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CONTRACTILE  TISSUES. 


In  the  lower  forms  of  organisms  the  motions  executed  by 
protoplasm  suffice  for  all  their  requirements.  Thus  the  ameba 
manages  to  pass  through  its  lifetime  with  no  other  kind  of  motion 
at  its  disposal  than  the  flowing  circulation  and  the  budding  out 
of  its  soft  protoplasm.  A  vast  number  of  minute  organisms 
depend  wholly  upon  the  protoplasmic  stream  and  the  twitching 
of  cilia  for  their  digestive  and  progressive  movements.  Before 
we  leave  the  class  of  animals  which  never  pass  beyond  the  unicel- 
lular stage,  we  find,  however,  examples  in  which  a  portion  of 
their  protoplasm  is  specially  adapted  to  the  performance  of 
sudden  and  rapid  motions.  The  protoplasm  so  modified  in 
function  deserves  the  name  of  contractile  material.  Thus, 
though  the  protoplasm  which  lies  within  the  stalk  of  the  bell 
animalcule  is  morphologically  undifferentiated,  it  can  contract 
with  such  rapidity  that  the  eye  cannot  follow  the  motion. 

As  we  ascend  in  the  scale  of  animal  life,  the  necessity  for 
motions  of  varied  rapidity  and  duration  becomes  more  urgent, 
and  so  we  find  not  only  one,  but  several  kinds  of  tissue  specially 
adapted  for  carrying  out  motions  of  different  rates  and  dura- 
tions. 

As  a  general  rule  the  more  rapid  the  contraction  it  performs, 
the  more  the  tissue  differs  from  the  original  type  of  protoplasm  ; 
and  the  slower  and  more  persistent  the  contraction,  the  more 
the  tissue  elements  resemble  protoplasmic  cells.  In  the  minute 
blood-vessels  a  very  prolonged  contraction,  for  example,  is  the 
rule,  and  the  contractile  elements  differ  but  little  from  ordinary 
protoplasmic  cells.  The  intestinal  movements  are  rapid  com- 
pared with  those  of  the  arterial  muscles,  and  in  them  we  find  a 
thin,  elongated  form  of  muscle  cell.  In  the  heart  a  forcible  and 
quick  contraction  takes  place,  which,  however,  is  slow  when 
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compared  with  a  sudden  jerk  of  a  single  spasm  of  a  skeletal 
muscle,  and  its  texture  is  different,  being 

Tig.  i66.  ^        '    .  ,.  .  ,  , 

a  form  mtermediate  between  the  slow- 
contracting  smooth  muscle  and  the  quick- 
contracting  striated  skeletal  muscle. 

By  borrowing  examples  from  the  lower 
animals,  this  parallelism  of  structural  dif- 
ferentiation and  increase  of  functional 
energy  can  be  more  perfectly  demon- 
strated, and  we  can  make  out  a  gradual 
scale  of  increasingly  rapid  motion  corres- 
ponding with  greater  complexity  of  struc- 
ture. 

Histology  of  Muscle. 

The  term  muscle  includes  the  textures 
in  which  the  protoplasm  is  specially  dif- 
ferentiated for  purposes  of  contraction. 

The  muscle  tissues  of  the  higher  animals 
may  be  divided  into  two  classes  :  i,  non- 
striated  or  smooth,  and  2,  striated,  in 
which  again  there  are  some  slight  varia- 
tions. 

.  The  non-striaied  muscle  tissue  is  that  in 
which  the  elements  have  so  far  retained 
the  typical  form  as  to  be  easily  recogniz- 
able as  cells  when  separated  one  from  the 
other.  These  cells  are  more  or  less  elon- 
gated, flattened  elements,  with  a  single, 
long,  rod-shaped  nucleus  and  no  cell  wall. 
They  are  tightly  cemented  together  by  a 
tough,  elastic  substance,  so  that  their 
tapering  extremities  fit  closely  together 
and  form  commonly  a  dense  mass  or 
sheet.  Sometimes  they  branch  more  or 
less  regularly,  and  then  are  arranged  in  networks. 

These  cells  vary  greatly  in  size  as  well  as  in  the  relation  of 


Muscle  Cells,  showing  differ- 
ent conditions  of  the  pro- 
toplasm of  the  cell  and 
nucleus. 
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their  length  to  their  width,  in.  some  places  deserving  the  name 
fibers,  or  fiber  cells,  and  in  others  being  only  elongated  cells. 

The  striated  muscle  tissue  is  that  of  which  the  skeletal  muscles 
and  the  heart  are  composed.     It  therefore  forms  the  larger  pro- 
portion of  the  animal,  known  as  the  \ 
fiesh.     The    flesh   can  by  judicious 
dissection     easily    be    divided    into 
single  parts  called  muscles,  each  of 
which   contains  many   other  tissues 
and  is  attached  so  as  to  carry  on  cer- 
tain movements,  and  may,  therefore, 
be  regarded  as  an  organ. 

Such  a  muscle  is  inclosed  in  a 
sheath  of  connective  tissue,  from 
which  sheet-like  partitions,  or  septa, 
pass  into  the  mass  of  the  muscle 
and  divide  it  into  bundles  of  fibers. 
These  septa  also  act  as  the  bed  in 
which  the  vessels  and  nerves  lie. 

The  tissue  of  the  heart  differs  from 
other  striated  muscle  in  being  made 
up  of  truncated  oblong  branching 
cells  with  a  central  nucleus  and  no  sarcolerama  (see  page  280). 

The  bundles  of  fibers  of  skeletal  muscle  vary  much  in  size, 
giving  a  coarse  or  fine  grain  in  different  muscles;  they  are  com- 
posed of  a  greaiter  or  less  number  of  fibers,  which,  lying  side  by 
side,  run  parallel  one  to  the  other.  The  single  fibers  of  striated 
muscle  vary  in  length,  sometimes  reaching  4-5  cm.  (two  inches), 
but  being  on  an  average  much"  shorter,  they  only  extend  the 
entire  length  of  a  muscle  in  the  case  of  very  short  muscles.  In 
long  muscles  their  tapering  points  are  made  to  cor^respond  with 
those  of  other  fibers  to  which  they  are  firmly  attached.  The 
soft  fibers  are  pressed  by  juxtaposition  into  prismatic  forms,  so 
that  in  a  fresh  condition  they  appear  polygonal  in  transverse 
section.  When  freed  from  all  pressure  or  traction  they  become 
cylindrical,  and  the  transverse  striation  of  the  contractile  sub- 
stance appears  regular  and  is  easily  recognized. 
40 


Short  striated  cells  of  the  heart 
tnusclCj  separated,  one  showing 
the  truncated,  a,  or  divided,  c, 
ends  and  branches,  b. 
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Each    fiber 


Fig.  i6S. 


JU 


consists  of  a  delicate  case  of  thin,  elastic, 
homogeneous  membrane,  forming  a 
sheath  called  sarcolemma,  within  which 
the  essential  contractile  substance,  is  in» 
closed.  The  soft  contractile  substance 
completely  fills  and  distends  the  elastic 
sarcolemma,  so  that  when  the  latter  is 
broken  its  contents  bulge  out  or  escape. 

After  death,  particularly  if  preserved 
in  weak  acid  (HCl),  the  striation  be- 
comes more  marked,  and  the  dead,  and 
now  rigid,  contractile  substance  can  be 
broken  up  into  transverse  plates  or  discs. 

Besides  the  transverse  striation,  a 
longitudinal  marking,  well  defined  after 
steeping  in  alcohol,  can  be  seen  in  the 
muscle  fiber.  This  indicates  the  subdivi- 
sion of  the  contractile  substance  into 
thin  threads  called  primitive  fibrillcB. 
Each  primitive  fibril  shows  a  transverse 
marking,  corresponding  with  the  trans- 
verse striation,  which  divides  the  fibrils 
into  short  blocks  called  sarcous  elements 
(Bowman).  The  differentiation  is  most 
marked  in  the  highly  developed  muscles 
of  insects.  For  details  works  on  his- 
tology must  be  consulted. 

In   the  muscle   fiber  are  found   long, 
granular'  masses   like  protoplasm  ;    these 
are  the  nuclei  of  the  contractile  substance. 
They  must  not  be  confounded  with  the 
Two  Fibers  of  Striated  Muscle,   oval  nuclei  of  the  sarcolemma,  which  are 

in  which  the  contractile  sub-  .  i  i  j  r 

stance, »!,  has  been  ruptured  much  morc  nunicrous  along  the  edge  ot 

sarcoiemSfa,"^,  a'nd"  j;   B  the  fiber.  Or  With  the  Other  short  nuclei 

contractile' si  bs"an°ce'Tn  Seen  in  such  uumbcrs  between  the  fibers, 

S^Sai?cieare"r-Tnuc!d;  which  indicate  the  position  of  the  capil- 

p,  space  under  sarcolemma.    ,  „Bccelo 

(Ranmer.)  l^ry  VeSSelS. 
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It  is  Stated  that  each  striated  muscle  fiber  has  a  nerve  fiber 
passing  directly  into  it,  but  the  exact  details  of  the  mode  of 
union  in  mammalia  are  not  yet  satisfactorily  made  out. 

Properties  of  Muscle  in  the  Passive  State. 

Consistence. — The  contractile  substance  of  muscle  is  so  soft  as 
to  deserve  rather  the  name  fluid  than  solid;  it  will  not  drop  as  a 
liquid,  but  its  separated  parts  will  flow  together  again  like  half- 
melted  jelly.  In  this  respect  it  resembles  the  protoplasm  of 
some  elementary  organisms,  the  buds  from  which  are  so  soft 
that  they  can  unite  around  foreign  bodies,  and  yet  have  sufficient 
consistence  to  distinguish  them  from  fluid. 

Chemical  Composition. — The  chemical  constitution  of  the 
contractile  substance  of  muscle  in  the  living  state  is  not  accu- 
rately known. 

On  analysis  human  muscle  gives  the  following  percentage 
composition  : — 

Water 73.5 

Froteids 18.02 

Gelatin 1.99 

Fat 3.27 

Extractives 0.22 

Inorganic  salts, 3.12 

Muscle  Plasma. — The  death  of  muscle  is  accompanied  by 
changes  of  a  chemical  nature  which  give  rise  to  coagulation, 
resulting  in  the  formation  of  muscle  clot,  or  myosin,  and  muscle 
serum.  The  rigidity  of  muscles  after  death,  rigor  mortis,  is  the 
result  of  this  coagulation.  Some  thirty  years  ago  it  was  shown  by 
Kiihne  that  coagulation  could  be  postponed  in  frog's  muscles 
by  freezing.  A  pale  yellow,  opalescent,  alkaline  juice  was 
pressed  out  of  the  muscles  at  o°  C.  and  separated  by  a  cold  filter. 
It  changed  to  a  jelly  above  the  freezing  point  and  coagulated  at 
ordinary  temperatures. 

Mammalian  muscle  plasma  also  may  be  prevented  from  clot- 
ting by  cold  or  by  the  action  of  neutral  salts,  as  in  the  case  of 
blood-plasma.  When  diluted,  the  salt-plasma  coagulates  quickly 
between  30°  and  40°,  giving  rise  to  a  clot,  myosin,  and  muscle- 
serum.     Sarcolactic  acid  is  at  the  same  time  formed. 
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Myosin  may  be  extracted  from  muscle  after  rigor  by  a  solu- 
tion of  ammonium  chlorid  and  precipitated  by  removing  the 
salt  by  dialysis.  It  is  soluble  in  five  per  cent,  sodium  chlorid, 
and  otherwise  behaves  toward  neutral  salts  like  a  globulin.  It 
is  gelatinous  in  consistence,  never  forming  threads  like  fibrin, 
which  in  some  other  respects  it  resembles. 

It  is  produced  by  a  fermentive  process  from  myosinogen  as 
fibrin  from  fibrinogen.  But  it  differs  from  fibrin  in  the  follow- 
ing particulars  :  (i)  Its  ready  solution  in  saline  solutions.  (2) 
On  solution  it  behaves  like  myosinogen.  (3)  Its  appearance 
is  associated  with  the  formation  of  sarcolactic  acid. 

The  following  proteids  may  be  obtained  from  muscle  clot :  — 

1.  Fara-myosihoge^,  which  coagulates  at  47°  C.  It  differs  from 
myosinogen,  (a)  in  requiring  less  concentrated  solutions  of 
magnesium  sulphate  or  sodium  chlorid  to  throw  down  the  charac- 
teristic flocculent  precipitate,  (/J)  in  not  being  precipitated  by 
acetic  acid,  and  (;')  in  not  being  capable  of  forming  myosin. 

2.  Myosinogen,  which  coagulates  at  56°  C,  can,  with  the 
suitable  ferment,  be  made  to  coagulate  and  form  myosin.  Like 
the  last  body,  it  is  a  globulin,  being  precipitated  by  saturation 
with  NaCl  or  MgSOi. 

Muscle  Serum. — In  the  salted  serum  three  other  proteids 
are  present,  viz.  : — 

1.  Myoglobulin  is  coagulable  at  53°  C.  (the  coagulating  point 
of  serum-globulin  being  75"  C).  It  requires  complete  saturation 
with  NaCl  or  MgSOi  for  its  precipitation. 

2.  Myo-albumin  is  coagulable  at  73°  C.  and  is  not  precipitated 
by  saturation  with  NaCl  or  MgSO^. 

3.  Myo-proteose  is  not  coagulated  by  heat  and  not  precipitated 
by  saturation  with  NaCl  or  MgSO^.  It  is  a  deutero-proteose 
probably  identical  with  myosin  ferment. 

Muscle  Pigments.— Muscle  plasma  contains  (1)  Hemo- 
globin and  (2)  Myohematin  (McMunn)  which  is  widely  spread 
in  the  animal  kingdom  and  has  respiratory  aflSnity  for  oxygen, 
like  hemoglobin.  It  was  discovered  by  its  spectroscopic  appear- 
ances, which  resemble  those  of  hemochromogen. 
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Extractives. — In  muscle  plasma  are  found  kreatin,  kreatinin, 
xanthin,  hypoxanthin,  and  traces  of  carnin,  urea,  uric  acid,  also 
fats,  glycogen,  inosite,  sugar,  and  lactic  acids,  which  give  the 
serum  an  acid  reaction. 

Inorganic  Salts  in  which  preponderate  potassium  as  a  base 
and  phosphoric  acid  among  the  acids. 

Gases. — A  certain  quantity  of-COj  can  be  removed  from 
muscle.  It  exists  partly  free  and  partly  fixed.  It  increases  in 
quantity — particularly  the  fixed — by  rigor  or  contraction.  Muscle 
does  not  yield  any  oxygen. 

Metabolism  of  Resting  Muscle. — In  the  state  of  rest  a  certain 
amount  of  oxygen  is  taken  from  the  hemoglobin  of  the  blood 
and  carbonic  acid  is  given  off.  These  changes  seem  connected 
with  the  nutrition  and  active  powers  of  the  tissue. 

A  muscle  cannot  be  said  ever  to  be  at  rest.  It  is  always 
slightly,  tonically,  contracted.  Section  of  its  nerve  causes 
elongation  by  paralyzing  the  tonus,  and  is  followed  by  changes  in 
its  nutrition.  On  this  account  the  chemical  changes  of  nutrition 
and  contraction  cannot  well  be  separated. 

Elasticity. — Striated  muscle  is  easily  stretched,  and,  if  the 
extension  be  not  carried  too  far,  recovers  very  completely  its 
original  length.  That  is  to  say,  the  elasticity  of  muscle  is  small 
or  weak,  but  very  perfect.  When  a  muscle  is  stretched  to  a  given 
extent  by  a  weight — say  of  one  gram — if  another  gram  be 
then  added,  it  will  not  stretch  the  muscle  so  much  as  the  first 
did ;  and  so  on  if  repeated  gram  weights  be  added  one  after 
the  other,  each  succeeding  gram  will  cause  less  extension  of 
the  muscle  than  the  previous  one  ;  so  that  the  more  a  muscle  is 
stretched  the  more  force  is  required  to  stretch  it  to  the  given 
extent,  or,  in  other  words,  the  elastic  force  of  muscle  increases 
with  its  extension. 

If  a  tracing  be  drawn  showing  the  extending  effect  of  a  series 
of  equal  weights  attached  to  a  fresh  muscle,  it  will  be  found  that 
a  great  difference  exists  between  it  and  a  similar  record  drawn  by 
inorganic  bodies  or  an  elastic  band  of  rubber.     (Fig.  169.') 

When  a  weight  is  applied  to  a  muscle,  it  does  not  immediately 
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Stretch  to  the  full  extent  the  weight  is  capable  of  effecting,  but  a 
certain  time,  which  varies  with  circumstances,  is  required  for  its 
complete  extension.  The  rate  of  extension  is  at  first  rapid, 
then  slower,  until  it  ceases.  As  a  muscle  loses  its  powers  of  con- 
traction from  fatigue,  it  becomes  less  easily  extended.  Dead 
muscle  has  a  greater  but  less  perfect  elasticity  than  living,  i.  e.,  it 
requires  greater  force  to  stretch  it,  but  does  not  return  so  per- 
fectly to  its  former  shape. 

The  importance  of  the  elastic  property  of  muscle  in  the  move- 
ments of  the  body  is  noteworthy.     The  muscles  are  always  on 

Fig.  169. 


i.  Shows  graphically  the'atnount  of  extension  caused  by  equal  weight  increments  applied 
to  a  steel  spring. 

vs.  Shows  the  amount  of  extension  caused  by  equal  weight  increments  applied  to  an  india- 
rubber  band. 

3.  The  same  applied  to  a  frog's  muscle.  Showing  the  decreasing  increments  of  extension, 
the  gradual  continuing  stretching  and  the  failure  to  return  to  the  abscissa  when  the 
weight  is  removed. 


the  stretch,  partly  by  their  elasticity  and  partly  by  tonic  contrac- 
tion, to  be  considered  later.  This  can  be  seen  in  a  fractured 
patella,  the  fragments  of  which  remain  far  apart,  causing  the 
surgeon  much  anxiety.  When  one  muscle — for  example,  the 
biceps^contracts,  it  finds  an  elastic  antagonist  already  tense, 
and  has  to  lengthen  this  antagonist  as  it  contracts  itself.  The 
triceps  in  this  case  opposes  the  biceps,  as  a  weak  spring,  and 
gently  returns  to  its  natural  length  when  the  contraction  of  the 
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biceps  ceases.  The  muscles  being  kept  tense  by,  their  elasticity, 
there  can  be  no  jarring  or  jerking,  as  might  take  place  if  the 
attachments  of  the  inactive  muscles  were  allowed  to  become 
slack. 

Electric  Phenomena. — In  a  living  muscle  electric' currents  may 
be  detected,  having  a  definite  direction,  and  certain  relations  to 
the  vitality  of  the  tissue.  .  As  they  seem  to  be  invariably  present 
in  a  passive  muscle  they  have  been  called  natural  muscle  cur- 
rents. 

They  are  generally  studied  in    the  muscles  of  cold-blooded 


Nan-polarizable  Electrodes.  The  glass  tubes,  a  a,  contain  sulphate  of  zinc  solution,  z.s.^ 
into  which  well  amalgamated  zinc  rods  dip.  The  lower  extremity  is  plugged  with  china 
clay,  ch.  c,  which  protrudes  at  (/,  the  point.  The  tubes  can  be  moved  in  the  holders, 
A  A,  so  as  to  be  brought  accurately  into  contact  with  the  muscle.    {Foster.^ 


animals  after  removal  from  the  body.  The  muscle  is  spoken  of 
as  if  it  were  a  cylinder  with  longitudinal  and  transverse  surfaces 
corresponding  to  its  natural  surface  and  its  cut  extremities.  In 
such  a  block  of  frog's  muscle  the  measurement  of  the  electric 
currents  requires  special  precautions,  bfecause  a  sensitive  galvano- 
meter must  be  used,  which  can  easily  be  disturbed  by  such  cur- 
rents as  are  brought  about  by  the  contact  of  metal  electrodes 
with  the  moist  saline  tissues.  Specially  constructed  electrodes 
are  used  to  avoid  the  occurrence  of  these  currents  by  polariza- 
tion.    These  non-polarizable  electrodes  may  be  made   on   the 
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following  plan :  Small  glass  tubes  are  drawn  to  apoint ;  the 
smaller  opening  is  plugged  with  china  clay  moistened  in  saline 
solution  (.65  per  cent.)  and  placed  in  contact  with  the  muscles. 
The  tubes  are  filled  with  saturated  solution  of  zinc  sulphate,  in 
which  is  placed  the  amalgamated  zinc  terminals  from  the  galva- 
nometer. Thus  the  muscle  is  not  injured,  and  the  zinc  solution 
prevents  the  metal  terminals  from  producing  adventitious  currents. 
If  a  pair  of  such  electrodes  be  applied  to  the  middle  of  the 
longitudinal  surface  at  e  (Fig.  171),  and  of  the  transverse  surface 
at  p,  respectively,  and  then  be  brought  into  connection  with  a 
delicate  galvanometer,  it  is  found  that  a  current  passes  through 
the  galvanometer  from  the  longitudinal  to  the  transverse  surface; 

A  current  in  this  direction 
can  be  detected  in  any  piece 
of  muscle,  no  matter  how 
muc}i  it  be  divided  longitu- 
dinally, and  probably  would 
be  found  in  a  single  fiber  had 
we  the  means  of  examining 
it.  The  nearer  to  the  center 
of  the  longitudinal  and  trans- 
verse sections  the  electrodes 
are  placed,  the  stronger  will 
be  the  current  received  by 
them.  If  both  the  electrodes 
be  placed  on  the  longitu- 
dinal or  on  the  transverse 
surfaces  a  current  will  pass 
through  the  galvanometer 
from  that  electrode  nearer 
the  middle  of  the  longitudi- 

surface  currents,  fn7the  thickness" of 'liS:  nal  SeCtioH  (called  the  eqUatOr 
mdicates  the  strength  of  the  currents.    (After  ^^    jhe    mUScle    Cylinder)     tO 

the  electrode  nearer  the  cen- 
ter of  the  transverse  section  (pole  of  muscle  cylinder).  If  the 
electrodes  be  placed  equidistant  from  the  poles  or  from  the 
equator  no  current  can  be  detected. 


Diagram  to  Illustrate  the  Currents  in  Muscle. 

e,  equator,  corresponds  to  the  center  of  the  mus- 
cle cylinder ;  p,  polar  regions  of  cylinder,  rep- 
resenting the  extremities  of  the  muscle. 

The  arrow   heads  show  the  direction  of  the 
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The  central  part  of  the  longitudinal  surface  of  a  piece  of 
nuscle  is,  then,  positive,  compared  with  the  central  part  of  the 
ixtremities  or  transverse  sections.  And  between  these  parts,  the 
•quator  axid  poles  of  the  muscle  cylinder,  where  the  difference  is 
nost  marked,  are  various  gradations,  so  that  any  point  near  the 
jquator  is  found  to  be  positive  when  compared  with  one  near 
he  poles. 

There  is,  then,  a  current  passing  through  the  substance  of 
;he  piece  of  muscle  both  from  the  transverse  sections,  or  extremi- 
ies,  of  the  muscle-block  (poles)  toward  the  middle  of  the  lon- 
gitudinal surface,  whether  it  be  a  cut  surface  (longitudinal 
lection)  or  the  natural  surface  of  the  muscle  (equator).  This 
s  called  the  muscle  current,  or  sometimes  natural  muscle  current. 

If  the  cylinder  in  the  accompanying  figure  be  taken  to 
■epresent  a  block  of  muscle,  e  would  correspond  to  the  equa- 
or  and  p  to  the  poles,  and  the  arrowheads  show  the  direc- 
ion  of  the  currents  passing  through  the  galvanometer,  the 
hickness  of  the  lines  indicating  their  force.  The  dotted  lines 
»  are  connected  with  points  where  the  electro-motive  force  is 
;qual,  and  therefore  no  current  exists. 

The  electro-motive  force  of  the  muscle  current  in  a  frog's 
gracilis  has  been  estimated  to  be  about  .05-. 08  of  a  Daniell 
;ell.  It  gradually  diminishes  as  the  muscle  loses  its  vital  pro- 
jerties,  and  is  also  reduced  by  fatigue.  The  electro-motive 
brce  rises  with  the  te;nperature  from  5°  C.  until  a  maximum  is 
eached  at  about  the  body  temperature  of  mammals. 

These  muscle  currents  are  very  weak  if  the  uninjured  muscle 
)e  examined  in  situ,  the  tendon  being  used  as  the  transverse 
ection ;  they  soon  become  more  marked  after  the  exposure  of 
he  muscle,  and  if  the  tendon  be  injured  they  appear  at  once  in 
Iraost  full  force.  In  animals  quite  inactive  from  cold  "the  mus- 
les  naturally  are  but  slowly  altered  by  exposure,  etc.,  and  the 
nuscle  currents  do  not  appear  for  a  considerable  time,  which  is 
hortened  on  elevating  the  temperature.  It  has,  therefore,  been 
upposed  that  in  the  perfectly  normal  state  of  a  living  animal 
tiere  are  no  muscle  currents  so  long  as  the  muscle  remains  in  the 
lassive  state. 
41 
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Active  State  of  Muscle. 

A  muscle  is  capable  of  changing  from  the  passive  condition 
into  a  state  of  contraction  or  activity.  Besides  the  change  in 
form,  obvious  in  the  contracted  state  of  the  muscle,  its  chemical, 
elastic,  electric,  and  thermic  conditions  are  altered.  The  capa- 
bility of  passing  into  this  active  condition  is  spoken  of  as  the 
irritability  of  muscle.  This  is  directly  dependent  upon  its 
chemical  condition,  and  therefore  related  to  its  nutrition  and  to 
the  amount  of  activity  recently  exerted,  which,  as  will  hereafter 
appear,  changes  its  chemical  state. 

Under  ordinary  circumstances  during  life  the  muscles  change 
from  the  passive  state  into  that  of  contraction,  in  response  to 
impulses  communicated  to  them  by  nerves.  The  influence  of 
the  will  can  excite  most  skeletal  muscles  to  action.  Nearly  all 
muscular  actions  in  the  living  body  are  called  forth  by  nervous 
impulses  or  stimuli.  But  many  other  influences  can  bring  about 
the  same  change. 

As  a  rule,  in  experiment  we  utilize  the  nerve  belonging  to  a 
muscle  in  order  to  throw  it  into  the  contracted  state.  This  is 
called  indirect  stimulation.  Various  stimuli  can  bring  about  the 
change  when  applied  to  the  muscle  directly  (direct  stimulation'). 
Since  the  nerves  branch  in  the  substance  of  the  muscle,  it  might 
be  the  stimulation  of  the  terminal  nerve  ramifications  that  brings 
about  the  contraction,  even  when  the  stimulus  is  applied  to  the 
muscle  directly. 

That  this  is  not  so,  and  that  muscles  can  be  stimulated 
without  the  intervention  of  nerves,  is  satisfactorily  proved  by  the 
following  facts  :  — 

1.  Some  parts  of  muscles,  such  as  the  lower  end  of  the 
sartorius,  and  many  muscular  structures  which  have  no  nerve 
terminals  in  them,  respond  energetically  to  all  kinds  of  muscle 
stimuli. 

2.  There  are  some  substances  which  act  as  stimuli  when 
applied  directly  to  muscle,  but  have  no  such  effect  upon  nerves, 
viz.,  ammonia. 

3.  For  some  time  after  the  nerve  has  ceased  to  react,  because 
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of  its  dying,  the  muscle  will  be  found  quite  irritable  if  directly 
stimulated. 

4.  Curara,  arrow  poison,  has  the  extraordinary  effect  of  para- 
lyzing the  nerve  terminals,  so  that  the  strongest  stimulation  of 
the  nerve  calls  forth  no  muscle  contraction.  If  the  muscles  in 
an  animal  under  the  influence  of  this  poison  be  stimulated 
directly  they  respond  with  a  contraction. 

Muscle  Stimuli 
may  be  enumerated  thus : — 

1.  Mechanical  Stimulation. — Any  sudden  blow,  pinch,  etc.,  of 
a  living  muscle  causes  a  momentary  contraction,  which  rapidly 
passes  off"  when  the  irritation  is  removed. 

2.  Thermic  Stimulation. — If  a  frog's  muscle  be  warmed  to  over 
30°  C.  it  will  begin  to  contract,  and  before  it  reaches  40°  C.  it 
will  pass  into  a  condition  known  as  heat  rigor,  which  will  be 
mentioned  presently.  If  the  temperature  of  a  muscle  be  reduced 
below  0°  C.  it  shortens  before  it  becomes  frozen. 

3.  Chemical  Stimulation. — A  number  of  chemical  compounds 
act  as  stimuli  when  they  are  applied  to  the  transverse  section  of 
a  divided  muscle.  Among  these  may  be  named  (i)  the  mineral 
acids  (HCl,  .1  per  cent.)  and  many  organic  acids;  (2)  salts  of 
iron,  zinc,  silver,  copper,  and  lead ;  (3")  the  neutral  salts  of  the 
alkalies  of  a  certain  strength;  (4)  weak ' glycerin  and  weak 
lactic  acid ;  these  substances  excite  nerves  only  when  concen- 
trated ;  (5)  bile  is  also  said  to  stimulate  muscle  in  much  weaker 
solutions  than  it  will  nerve  fibers. 

4.  Electric  Stimulation. — Electricity  is  the  most  convenient 
form  of  stimulation,  because  we  can  accurately  regulate  its  force. 
The  closing  or  opening  of  an  electric  circuit  of  which  a  muscle 
forms  part  causes  it  to  contract.  The  sudden  increase  or 
decrease  in  the  strength  of  a  current  passing  through  a  muscle 
acts  as  a  stimulus,  but  a  current  of  exactly  even  intensity  may 
pass  through  a  muscle  without  further  exciting  it,  after  the  initial 
contraction  has  ceased. 

The  direct  current  from  a  battery  (continuous  current')  may  be 
used  to  stimulate  a  muscle  in  certain  cases,  but  a  current  induced 
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in  a  secondary  coil  by  the  entrance  or  cessation  of  a  current  in 
a  primary  coil  of  wire  {induced  shock)  is  more  commonly 
employed  on  account  of  the  greater  efficacy  of  its  action  and  its 
short  duration.  The  instrument  used  for  this  purpose  in  physio- 
logical laboratories  is  Du  Bois-Reymond's  inductorium,  in  which 
the  strength  of  the  stimulus  can  be  reduced  by  removal  of  the 
secondary  coil  from  the  primary.  It  is  supplied  with  a  magnetic 
interrupter  by  means  of  which  repeated  stimuli  may  be  given 

Fig.  172. 


Du  Bois-Reymond's  Inductorium  witli  Magnetic  Interrupter. 

c,  primary  coil  tlirough  which  the  primary,  inducing^  current  passes,  on  its  way  to  the  electro- 
magnet, b  ;  I,  secondary  coil,  which  can  be  moved  nearer  to  or  further  from  the  primary 
coii,  c,  thereby  allowing  a  stronger  or  weaker  current  to  be  induced  in  it.  This  induced 
current  is  the  stimulus ;  ^,  electro-magnet,  which  on  receiving  the  current  breaks  the 
contact  in  the  circuit  of  the  primary  coil  by  pulling  down  the  iron  hammer,  A,  and  sepa- 
rating the  spring  from  the  screw  of  ?.  When  using  Helmholtz's  modification,  £■,  ^  is 
screwed  up  and  the  current  brings  the  spring  in  contact  with  the  point  of  the  pillar,  a, 
and  so  demagnetizes  b  by  "  short  circuiting"  the  battery. 

When  tetanus  is  to  be  produced,  the  wires  from  the  battery  are  to  be  connected  with  g  and  a. 

When  a  single  contraction  is  required,  the  magnetic  interrupter  is  cut  out  by  shifting  the 
wire  from  a  to  the  binding  screw  to  the  right  of  ^. 


by  rapidly  making  and  breaking  the  primary  current  {interrupted 
current)  (Fig.  172). 

In  experimenting  on  the  contraction  of  muscle,  as  already 
stated,  the  electrodes  are  as  a  rule  applied  to  the  nerve  of  a 
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nerve-muscle  preparation,*  because  the  stimulus  is  better  dis- 
tributed throughout  the  muscle  fibers  than  in  direct  stimulation. 
Further  detail  concerning  electric  stimulation  is  to  be  found 
under  Nerve  (p.  527). 

Changes  in  Muscle  on  Contraction. 

Changes  in  Sttiicture. — The  examination  of  muscle  under  the 
microscope,  during  its  contraction,  is  attended  with  considerable 
difficulty,  and  in  the  higher  animals  has  not  led  to  satisfactory 
results.  In  the  muscles  of  insects,  where  the  striations  of  the 
contractile  substance  are  more  marked,  Certain  changes  can  be 
observed  in  it.  The  fibers,  and  even  the  fibrillae  within  them, 
can  be  seen  to  undergo  changes  in  form  corresponding  to  those 
of  the  entire  muscle,  namely,  increase  in  thickness  and  diminu- 
tion in  length.  A  change  in  the  position  and  relative  size  of 
the  light  and  dark  portions  of  the  muscle  element  has  been 
described,  and  some  authors  state  that  the  latter  increases  at  the 
expense  of  the  former  after  an  intermediate  period  in  which  the 
two  substances  seem  fused  together. 

Chemical  Changes. — During  the  contraction  condition  the 
chemical  changes  which  go  on  in  passive  muscle  are  intensified, 
and  possibly  new  chemical  decompositions  arise  of  which  not 
much  is  known. 

Active  muscle  takes  up  more  oxygen  than  muscle  at  rest,  as 
is  shown  by  the  facts  that  during  active  muscular  exercise 
more  oxygen  enters  the  body  by  respiration,  and  the  blood 
leaving  active  muscles  is  poorer  in  oxygen  than  when  the  same 
muscles  are  passive,  in  a  proportion  of  iz  to  9.  This  absorption 
of  oxygen  may  be  detected  in  a  muscle  cut  out  of  the  body,  but 
a  supply  of  oxygen  is  not  necessary  for  its  contraction,  since  an 
excised  frog's  muscle  will  contract  in  vacuo  or  in  an  atmosphere 
containing  no  oxygen.  From  this  it  would  appear  that  a  certain 
ready  store  of  oxygen  must  exist  as  a  chemical  constituent  of 
the  muscle  substance. 

*  By  a  nerve-muscle  preparation  is  meant  a  muscle  of  a  frog  (commonly  the  gastrocnemius 
and  the  half  of  the  femur  to  which  it  is  attached)  and  its  nerve,  which  have  been  carefully 
separated  from  other  parts  and  removed  from  the  body. 
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The  amount  of  COa  given  off  by  a  muscle  increases  in  its 
state  of  activity.  This  may  be  seen  (a)  by  the  greater  elimina- 
tion 'from  the  lungs  during  active  muscular  exercise,  and  (j8)  by 
the  fact  that  the  venous  blood  of  a  limb,  when  the  muscles  are 
contracted,  contains  more  CO2  than  when  they  are  relaxed.  (/) 
The  increase  of  CO2  can  also  be  detected  in  a  muscle  removed 
from  the  body  and  kept  in  a  state  of  contraction.  (3)  This 
increase  in  the  formation  of  COj  takes  place  whether  there  is  a 
supply  of  oxygen  or  not,  (e)  and  the  quantity  of  CO2  given  off 
exceeds  the  quantity  of  oxygen  that  is  used  up.  So  that  it  is 
not  exclusively  from  the  newly  supplied  oxygen  that  the  CO2  is 
produced. 

Muscle  tissue,  when  passive,  is  neutral  or  faintly  alkaline ; 
during  contraction,  however,  it  becomes  distinctly  acid.  The 
litmus,  which  it  changes  from  blue  to  red,  is  permanently  altered, 
and  the  conclusion  follows  that  CO^  is  not  the  only  acid  that 
makes  its  appearance.  The  other  acid  is  sarcolactic  acid,  which 
is  constantly  present  in  muscle  after  prolonged  contraction, 
and  varies  in  amount  in  proportion  to  the  degree  of  activity 
the  muscle  has  undergone.  If  artificial  circulation  be  kept 
up  in  the  hind  quarters  of  an  animal  while  the  muscles  are 
contracting  the  quantity  of  sarcolactic  found  in  the  blood 
is  very  great.  It  varies  directly  with  the  CO2,  which  would 
seem  to  suggest  a  relationship  between  the  origin  of  the  two 
products. 

The  amount  of  glycogen  diminishes  in  muscle  during  its 
activity. 

Active  muscle  contains  more  of  those  substances  that  can  be 
extracted  by  alcohol  and  less  that  are  soluble  in  water  than  pas- 
sive muscle. 

In  the  chemical  changes  which  take  place  during  muscle  con- 
traction the  result  of  a  decomposition  of  some  carbohydrates 
alone  appears;  the  albuminous  substances,  therefore,  dp  not  take 
any  part  thai  requires  their  own  destruction.  This  seems  sup- 
ported by  .the  facts,  that  (i)  the  increased  gas  exchange  in 
muscle  during  active  exercise  can  be  recognized  in  a  correspond- 
ing alteration  in  the  gas  exchange  in  pulmonary  respiration ; 
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^2)  but   no  relation  exists  between  muscular  work  and   nitro- 
genous waste,  as  estimated  by  the  urea. 

The  chemical  changes  taking  place  in  muscle  during  its  con- 
'raction  are — 

1.  The  contractile  substance,  which  is  normally  neutral  or 
"aintly  alkaline,  becomes  distinctly  acid  in  reaction,  owing  to  the 
"ormation  of  sarcolactic  acid. 

2.  More  oxygen  is  taken  up  from  the  blood  than  when  the 
nuscle  is  at  rest.  This  using  up  of  oxygen  occurs  also  in  the 
solated  muscle. 

3.  The  extractives  soluble  in  water  decrease,  those  soluble  in 
ilcohol  increase. 

4.  A  greater  amount  of  COj  is  given  off,  both  in  the  isolated 
Muscle  and  in  the  muscles  in  the  body,  and  the  change  in  the 
quantity  of  CO2  has  no  exact  relation  to  that  of  the  oxygen  taken 
irom  the  blood. 

5.  A  diminution  occurs  in  the  glycogen,  and  prolonged  rest 
:auses  an  increase  in  the  amount  of  glycogen. 

6.  A  peculiar  muscle-sugar  makes  its  appearance. 

I.  Change  in  Elasticity. — The  elasticity  of  a  muscle  during  its 
state  of  contraction  is  less  than  in  the  passive  state ;  that  is  to 
iay,  a  given  weight  will  extend  a  muscle  more  if  attached  to  it 
while  in  tetanus  than  when  it  is  at  rest.  The  contracted  muscle 
is  then  more  extensible.  If  a  muscle  be  stimulated  when  loaded 
with  a  weight  just  over  the  maximum  load  the  muscle  can  lift, 
X  becomes  extended,  because  the  change  to  the  active  state 
essens  its  elastic  power,  while  it  cannot  contract,  being  over- 
weighted. 

II.  Electrical  Changes. — If  a  muscle,  in  connection  with  a 
galvanometer  so  as  to  show  the  natural  current,  be  stimulated 
:hrough  its  «a/«ra/ nerves,  a  marked  change  occurs  in  the  cur- 
<-ent.  The  galvanometric  needle  swings  toward  zero,  showing 
;hat  the  current  is  weakened  or  destroyed.  This  is  called  the 
legative  variation  of  the  muscle  current  which  initiates  the 
;hange  to  the  active  condition.  When  the  muscle  receives  but 
1  momentary  stimulus  sufficient  to  give  a  single  contraction,  this 
negative  variation  takes  place  in  the  current,  but,  owing  to  its 
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extremely  short  duration,  the  galvanometric  needle  is  prevented 
by  its  inertia  from  following  the  change.  Only  the  most  sensi- 
tive and  well-regulated  instruments  show  the  electric  change  of  a 
single  contraction,  but  when  the  muscle  is  kept  contracted  by  a 
series  of  rapidly  repeated  stimulations  the  inertia  of  the  needle 
is  overcome. 

Rheoscopic  Frog. — The  negative  variation  of  a  single  contrac- 
tion can  be  easily  shown  on  sensitive  muscle.  For  this  purpose 
the  sciatic  nerve  of  a  frog's  leg  is  placed  along  the  surface  of  the 
gastrocnemius  of  another  leg,  so  as  to  pass  over  the  middle  and 

Fig.  173. 


Diagram  Illustrating  the  Arrangement  in  the  Rheoscopic  Frog. 
A  =  stimulating  limb,     b  ■=  stimulated  limb.     The  current  from  the  electrodes  passes  into 
nerve,  n,  of  stimulating  limb.  A,  causing  its  gastrocnemius  to   contract.     Whereupon 
the  negative  variation  of  the  natural  current  between  +  and  -  stimulates  the  nerve,  n', 
and  excites  the  muscles  of  b  to  action. 


the  extremity  of  the  muscle,  i.  e.,  the  points  of  greatest  difference 
of  electro-motive  force.  When  the  limb  A  (Fig.  173)  {stimulat- 
ing muscle)  is  made,  by  means  of  its  nerve  N  to  contract,  its 
negative  variation  acts  as  stimulus  to  the  other  nerve  N',  lying 
along  it,  and  the  {stimulated  muscle')  B  contracts.  We  shall  see 
that  artificial  continued  contraction  is  brought  about  by  a  rapidly 
repeated  series  of  stimulations,  so  that  the  electric  condition  ot 
the  stimulating  muscle  undergoes  a  series  of  variations.  The 
rheoscopic  frog  not  only  shows  the  negative  variation  of  a  single 
contraction,  but  it  also  demonstrates  that  the  continued  con- 
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traction,  when  produced  by  interrupted  electric  stimulation,  is 
associated  with  repeated  negative  variations.  The  contraction 
of  the  stimulated  muscle,  whose  nerve  lies  on  the  stimulating 
muscle,  responds  to  the  electric  variations  of  the  stimulator,  and 
contracts  synchronously  with  it. 

If  a  muscle  be  stimulated  at  one  end,  a  wave  of  negative  varia- 
tion passes  along  the  muscle  at  the  rate  of  three  meters  per  second, 
lasting  at  any  one  point  only  .003  of  a  second,  so  that  the  neg- 
ative variation  is  over  before  the  mechanical  effect  becomes 
obvious,  for  the  muscle  requires  a  certain  time,  called  the  latent 
period,  before  its  contraction  can  be  appreciated. 

The  origin  of  the  electric  currents  of  muscle  will  be  discussed 
with  nerve  currents,  to  which  the  reader  is  referred  (p.  531). 

III.  Temperature  Change. — Long  since  it  was  observed  in  the 
human  subject  that  the  temperature  of  muscles  rose  during  their 
activity.  In  frog's  muscle  a  contraction  lasting  three  minutes 
caused  an  elevation  of  18°  C.  A  single  contraction  is  said  to 
produce  a  rise  varying  from  .001°  to  .005°  C,  according  to 
circumstances. 

The  production  of  heat  is  in  proportion  to  the  tension  of  the 
muscle.  When  the  muscles  are  prevented  from  shortening,  a 
greater  amount  of  heat  is  said  to  be  produced. 

The  amount  of  heat  has  also  a  definite  relation  to  the  work 
performed.  Up  to  a  certain  point  the  greater  the  load  a  muscle 
has  to  move,  the  greater  the  heat  produced  ;  when  this  maximum 
is  reached  any  further  increase  of  the  weight  causes  a  falling  oS 
in  the  heat  production.  Repeated  single  contractions  are  said 
to  produce  more  heat  than  tetanus  kept  up  for  a  corresponding 
time. 

The  fatigue  which  follows  prolonged  activity  is  accompanied 
by  a  diminution  in  the  production  of  heat. 

IV.  Change  in  Form. — The  most  obvious  change  a  muscle 
undergoes  in  passing  into  the  active  state  is  its  alteration  in  shape. 
It  becomes  shorter  and  thicker.  The  actual  amount  of  shorten- 
ing varies  according  to  circumstances.  («)  A  muscle  on  the 
stretch  when  stimulated  will  shorten  more  in  proportion  than 
one  whose  elasticity  is  not  called  into  play  before  contraction,  so 
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that  a  slightly  weighted  muscle  shortens  more  than  an  unweighted 
one  with  the  same  stimulus.  (^)  The  fresher  and  more  irritable 
a  muscle  is,  the  shorter  it  will  become  in  response  to  a  given 
stimulus  j  and,  conversely,  a  muscle  which  has  been  some  time 
removed  from  the  body  or  is  fatigued  by  prolonged  activity  will 
contract  proportionately  less,  (c)  With  a  certain  limit,  the 
stronger  the  stimulus  applied  the  shorter  a  muscle  will  become. 
((/)  A  warm  temperature  augments  the  amount  of  shortening,  the 
amount  of  contraction  of  frogs'  muscles  increasing  up  to  33°  C. 
A  perfectly  active  frog's  muscle  shortens  to  about  half  its  normal 
length.  If  much  stretched  and  stimulated  with  a  strong  current 
it  may  contract  nearly  to  one-fourth  of  its  length  when  extended. 
Muscles  are  seldom  made  up  of  perfectly  parallel  fibers,  the  direc- 
tion and  arrangement  varying  much  in  different  muscles.  The 
more  parallel  to  the  long  axis  of  the  muscle  the  fibers  run,  the 
more  will  the  given  muscle  be  able  to  shorten  in  proportion  to 
its  length. 

The  thickness  of  a  muscle  increases  in  proportion  to  its  shor- 
tening during  contraction,  so  that  there  is  but  little  change  in 
bulk.  It  is  said,  however,  to  diminish  slightly  in  volume, 
becoming  less  than  j-jnnr  smaller.  This  can  be  showfi  by  making 
a  muscle  contract  in  a  bottle  filled  with  weak  salt  solution  so  as 
to  exclude  all  air  and  to  communicate  with  the  atmosphere  only 
by  a  capillary  tube  into  which  the  salt  solution  rises.  The 
slightest  decrease  in  bulk  is  shown  by  the  fall  of  the  thin  column 
of  fluid  in  the  tube. 

Since  a  muscle  loses  its  elastic  force  and  gains  but  little  in 
density  during  contraction,  the  hardness  which  is  communicated 
to  the  touch  depends  on  the  difference  of  tension  of  the  semi- 
fluid contractile  substance  within  the  muscle  sheath. 

The  Graphic  Record  of  Muscle  Contraction. 
In  order  to  study  the  details  of  the  contraction  of  muscle,  the 
graphic  method  of  recording  the  motion  is  applied.  The  curve 
may  be  drawn  on  an  ordinary  cylinder  moving  sufficiently 
rapidly.  Where  accurate  time  measurements  are  required  it  is 
better  to  use  one  of  the  many  special  forms  of  instruments. 
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called  myographs,  made  for  the  purpose.  The  principle  of  all 
these  instruments  is  the  same ;  namely,  an  electric  current, 
which  passes  through  the  nerve  of  a  frog's  muscle  connected 
with  the  marking  lever,  is  broken  by  some  mechanism  while  the 
recording  surface  is  in  motion ;  the  exact  point  at  which  the 
contact  is  broken  can  be  previously  marked  on  the  recording 
surface  by  the  lever.  The  rate  of  motion  is  registered  by  a 
tracing  drawn  by  a  tuning  fork,  of  known  rate  of  vibration, 
writing  immediately  under  the  lever. 

In  order  that  the  muscle-nerve  preparation  may  not  be  injured 
by  the  tissues  becoming  too  dry,  it  is  placed  in  a  small  glass 
box,  the  air  of  which  is  kept  moist  by  a  damp  sponge.  This 
moist  chamber  is  used  when  any  living  tissue  is  to  be  protected 
fiiom  drying. 

The  first  myograph  used  was  a  complicated  instrument  devised 
by  Helmholtz,  in  which  a  small  glass  cylinder  is  made  to  rotate 
rapidly  by  a  heavy  weight,  and  when  a  certain  velocity  of  rota- 
tion is  attained  a  tooth  is  thrown  out  by  centrifugal  force,  which 
breaks  the  circuit  of  the  current  passing  through  the  nerve  of 
the  muscle.  The  tendon  is  attached  to  a  balanced  lever,  at  one 
end  of  which  hangs  a  rigid  style  pressed  by  its  own  weight 
against  the  glass  cylinder.  When  the  circuit  is  broken  the 
muscle  contracts,  raises  the  lever,  and  makes  the  style  draw  on 
the  smoked  glass  cylinder. 

Fick  introduced  a  flat  recording  surface  moving  by  the  swing 
of  a  perldulum,  by  which  the  abscissa  is  made  a  segment  of  a 
circle,  and  not  a  straight  line,  and  the  rate  varies,  so  that  the 
different  parts  of  the  curve  have  varying  time-values.  The 
curves  given  in  the  following  wood-cuts  are  drawn  with  the 
Pendulum  Myograph. 

Du  Bois-Reymond  draws  muscle  curves  on  the  smoked  surface 
of  a  small  glass  plate  contained  in  a  frame,  which  is  shot  by  the 
force  of  a  spiral  spring  along  tense  wires,  and  on  its  way  breaks 
the  contact.  The  trigger  used  for  releasing  the  spring  sets  a 
tuning-fork  at  the  same  time  vibrating  (Spring  Myograph). 
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Sii^GLE  Contraction. 

In  response  to  an  instantaneous  stimulus,  such  as  occurs  in 
the  secondary  coil  on  breaking  the  primary  current,  a  muscle 
gives  a  momentary  twitch  or  spasm,  commonly  spoken  of  as  a 
single  contraction,  which  is  of  so  short  duration  that  without  the 
graphic  method  of  recording  the  motion  we  could  not  appreciate 
the  phases  described  by  Helmholtz  as  occurring  in  it. 

The  curve  drawn  on  the  recording  surface  of  a  pendulum 
myograph  by  such  a  single  contraction  is  represented  in  Figure 
1 74.     The  short  vertical  stroke  on  the  left  of  the  abscissa,  or 

Fig.  174. 


Curve  Drawn  by  a  Frog's  Gastrocnemius  on  the  Pendulum  Myograph ;  below  is  seen  the 
tuning-fork  record  of  the  time  occupied  by  the  contraction.  Parallel  Co  the  latter  is  the 
abscissa.  The  little  vertical  mark  at  the  left  shows  the  moment  of  stimulation,  and 
the  distance  from  this  to  the  beginning  of  the  rise  of  the  curve  gives  the  latent  period, 
which  is  followed  by  the  ascent  and  descent  of  the  lever. 


base  line,  is  drawn  by  touching  the  lever  when  the  muscle  is  in 
the  uncontracted  state,  and  indicates  the  time  of  stimulation. 
The  upper  curved  line  is  drawn  by  the  lever  during  the  contrac- 
tion of  the  muscle. 

In  such  a  curve  the  following  stages  are  to  be  distinguished  : — 

1.  The  latent  period  is  the  short  space  between  the  point  of 
stimulation  and  that  at  which  the  lever  begins  to  rise,  during 
which  the  lever  does  not  move.  In  the  skeletal  muscles  of  the 
frog  this  delay  seems  to  last  nearly  .01  second. 

2.  A  period  during  which  the  lever  rises,  at  first  slowly,  then 
more  quickly,  then  again  slowly,  until  it  ceases  to  rise.  This 
stage  has  been  called  the  period  of  rising  energy.  It  lasts  about 
.04  second. 


PHASES   OF  A   SINGLE  CONTRACTION.  491 

3.  When  the  highest  point  is  attained  the  lever  commences  to 
fall,  at  first  slowly,  then  more  quickly,  and  at  last  slowly.  There 
is  then  no  pause  at  the  height  of  contraction.  The  stage  of 
relaxing  has  been  called  the  period  ol  falling  energy.  It  occu- 
pies when-  quite  fresh  about  the  same  time  as  the  second  period, 
viz.,  about  .04  second. 

Thus  a  stimulus  occupying  an  almost  immeasurably  short  time 
sets  up  a  change  in  the  molecular  condition  which  takes  nearly 
-^  second  to  run  its  course,  and  requires  -j-^  second  before 
it  exhibits  any  change  of  form,  then  in  yf^  second  attains  the 
maximum  height  of  contraction,  and,  without  waiting  in  the 
contracted  condition,  spends  ^^  second  in  relaxing. 

Wave  of  Contraction. — If  one  extremity  of  a  long  muscle  be 
stimulated  without  the  aid  of  the  nerve  (it  is  best  to  employ  a 
muscle  from  a  curarized  animal),  the  contraction  passes  along 
the  muscle  from  the  point  of  stimulation  in  a  wave  which  travels 
at  a  definite  rate  of  3-4  meters  per  second  in  a  frog  and  4-5 
meters  per  second  in  a  mammal.  Reduction  of  temperature  and 
fading  of  vital  activity  cause  the  velocity  of  the  wave  to  be 
lessened,  until  finally  the  tissue  ceases  to  conduct ;  then  only  a 
local  contraction  occurs,  severe  stimulus  causing  simply  an 
elevation  at  the  point  of  contact.  This  seems  analogous  to  the 
idio-muscular  contraction,  which  marks  the  seat  of  severe 
mechanical  stimulation  after  the  general  contraction  has  ended. 

Variations  in  the  Phases  of  a  Single  Contraction. 

The  latent  period  which  appears  in  a  single  contraction  curve 
drawn  by  a  muscle  stimulated  in  the  usual  way,  through  the 
medium  of  a  nerve,  is  not  entirely  occupied  by  preparatory 
changes  going  on  in  the  substance  of  the  muscle,  but  a  certain 
part  of  the  time  recorded  as  latent  period  corresponds  to  the 
time  required  for  the  transmission  of  the  impulse  along  the 
nerve.  This  may  be  shown  by  stimulating  first  the  far  end  of 
the  nerve  and  then  the  muscle  itself.  In  this  case  two  curves 
will  be  drawn  having  different  latent  periods,  that  obtained  by 
direct  stimulation  of  the  muscle  being  shorter,  and  representing 
the  real  latent  period,  while  the  longer  one  includes  the  time 
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taken  by  the  impulse  to  travel  along  the  nerve  to  the  muscle. 
The  latent  period  in  direct  stimulation  of  muscle  only  lasts 
.005  second  or  less.  It  has  been  ascribed,  by  some,  to  instru- 
mental delay,  the  mechanical  effect  being  said  to  be  synchronous 
with  the  electric  change.  This  view  hardly  seems  applicable  to 
non-striated  muscle,  heart  muscle,  or  the  skeletal  muscle  of  the 
tortoise,  all  of  which  have  a  latency  much  too  long  to  be 
accounted  for  as  instrumental  defect. 

The  latent  period  varies  much  in  different  kinds  of  muscle,  in 
the  same  kind  of  muscle  of  different  animals,  and  in  the  same 
individual  muscle  under  different  conditions.  As  a  rule  the 
slow-contracting  muscles  have  a  longer  latent  period.  Thus  the 
non-striated,    slow-contracting    muscles    found    in   the  hollow 

Fig.  175. 


Curves  Drawn  by  the  Same  Muscle  in  Different  Stages  of  Fatigue — A,  when  fresli ;  B.  C,  D, 
£,  each  immediately  after  the  muscle  had  contracted  200  times.  Showing  that  fatigue 
causes  a  slow,  long  contraction. 

viscera  have  a  latent  period  of  some  seconds.  The  striated 
muscles  of  cold-blooded  animals  have  a  longer  latency  than  the 
same  kind  of  muscle  in  birds  and  mammalia.  The  latent  period 
in  insects'  muscle  is  very  short.  Red  muscle  of  rabbits  has  a 
longer  latency  than  the  pale  variety. 

The  latent  period  of  the  same  gastrocnemius  of  a  frog  is 
considerably  lengthened  by  fatigue,  too  weak  stimulation,  or 
cold.  If  the  weight  be  so  applied  that  it  does  not  extend  the 
muscle  before  contraction,  the  duration  of  the  latent  period 
increases  with  heavy  weights. 

The  duration  of  the  single  contraction  of  striated  muscle  as 
a  whole  follows  nearly  the  same  rules  and  varies  in  different 
cases  and  under  varying  circumstances. 
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Variety  of  Animal. — The  greatest  difference  is  observed  in 
he  muscles  found  in  different  kinds  of  animals.  The  contrac- 
ion  of  some  kinds  of  muscle  tissue  (non-striated  muscle  of 
nollusca,  for  example)  occupies  several  minutes,  and  reminds 
ine  of  the  slow  movement  of  protoplasm ;  while  the  rapid 
ction  of  the  muscle  of  the  wing  of  a  horsefly  occurs  330  times 
.  second.  Various  gradations  between  these  extremes  in  the 
apidity  of  muscle  contraction  may  be  found  in  the  contractile 
issues  df  different  animals.  The  following  table  gives  the  rate 
if  contraction  of  some  insects'  muscles,  which  may  help  to 
how  the  extent  of  these  variations. 

Horsefly, 330  contractions  per  second. 

Bee, 190  "  " 

Wasp, no  " 

Dragon-fly 28  "  " 

Butterfly,    ...  ....        9  "  " 

Fig.  176. 


Jurves  Drawn  by  the  Same  Muscle  at  Different  Temperatures,  showing  that  with  elevation 
of  temperature  the  latency  and  the  contraction  becomes  shorter.  (The  muscle  had 
been  previously  cooled  ) 

Among  the  vertebrata  the  duration  of  the  contraction  of  the 
skeletal  muscles  varies  considerably  according  to  the  habits  of 
:he  animal.  The  limb  muscles  of  the  tortoise  and  toad  take  a 
/ery  long  time  to  finish  their  contraction ;  other  muscles  of  the 
same  animals  act  more  quickly,  but  do  not  attain  the  rapidity 
Df  contraction  of  the  skeletal  muscles  of  warm-blooded  animals. 
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Variety  of  Muscle. — Unstriated  muscle  has  a  variable,  but  in 
all  cases  a  long  period  of  contraction.  Of  striated  muscle,  the 
heart  is  very  slow,  next  <;ome  the  red  muscles  of  the  rabbit's 
leg,  and  then  the  other  skeletal  muscles. 

In  the  same  muscle  the  duration  of  a  single  contraction  is 
capable  of  considerable  variation  from  changes  in  the  following 
conditions. 

Fatigue. — It  seems  to  be  lengthened  by  anything  that  leads 
to  an  accumulation  of  the  chemical  products  which  arise  from 
muscle  activity.  Hence  fatigue  causes  a  slow  contraction  (Fig. 
175)- 

Fig.  177. 


Curves  Drawn  by  the  Same  Muscle  while  being  Cooled,  showing  that  the  latency  and  the 
contraction  become  longer  as  the  temperature  is  reduced. 


Temperatures. — Moderate  increase  of  temperature  greatly 
shortens  the  time  occupied  by  the  single  contraction  of  any 
given  muscle.  Excessive  heat  causes  a  state  of  continued  con- 
traction. 

The  reduction  of  temperature  causes  a  muscle  to  contract 
more  slowly,  and,  when  extreme,  the  muscle  remains  contracted 
long  after  the  stimulus  is  removed. 

Load. — An  increase  of  the  weight  attached  to  a  muscle 
shortens  the  duration  of  its  contraction. 

Strength  of  Stimulus. — The  duration  and  extent  of  a  contrac- 
tion depends  only,  up  to  a  certarn  point,  upon  the  force  of  the 
stimulus.  A  fresh  muscle  at  the  ordinary  temperature  with  a 
medium  load  will  contract  more  and  more  as  the  intensity  of 
the  current  is  increased  from  the  minimal  stimulus.  A  limit 
to  this  increase  is  soon  reached.  With  comparatively  weak 
stimulation  an  effect  is  produced  which  cannot  be  sufpassed  by 
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the  same  muscle  with  any  increment  of  stimulus.  The  height 
of  the  contraction  is  the  same  for  all  medium  stimuli  while  the 
muscle  is  fresh.  This  is  called  the  maximal  contraction,  being 
the  greatest  shortening  which  can  be  produced  by  a  single 
stimulus. 

The  altitude  of  the  curve  which  represents  the  extent  of  the 
contraction  varies  in  the  same  way  as  the  latent  period  and  the 
duration. 

Summation. — Each  time  a  muscle  receives  an  induction  shock 
of  medium  strength  it  responds  with  a  "maximal  contraction," 
but  this  is  not  the  maximum  amount  the  muscle  can  contract 

Fig.  178. 


Six  Curves  Drawn  by  the  Same  Muscle  when  Stretched  by  Different  Weights,  showing 
that  as  the  weight  is  increased  the  latency  becomes  longer  and  the  contraction 
less  in  height  and  duration. 


with  repeated  stimulation.  If  a  second  stimulus  be  given  while 
the  muscle  is  contracting,  a  second  maximum  contraction  is 
added  to  the  extent  of  contraction  already  arrived  at  at  the 
moment  of  the  second  stimulation.  If  stimulated  when  the 
lever  is  at  the  apex  of  the  curve  the  sum  of  the  effect  produced 
will  be  equal  to  two  maximal  contractions.  If  applied  in  the 
middle  of  the  period  of  the  ascent  or  descent  of  the  lever  a 
second  stimulation  gives  rise  toone  and  a  half  maximal  contrac- 
tions, and  so  on,  in  various  parts  of  the  curve,  a  new  maximum 
curve  is  produced,  arising  from  the  point  at  which  the  lever  is 
when  the  second  stimulus  is  applied  (Fig.  179). 

A  second  stimulation  given  during  the  latent  period  produces 
the  same  effect,  but  the  summation  only  begins  at  the  end  of 
42 
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the  latent  period  of  the  second  contraction.  It  is  therefore 
difficult  to  demonstrate  the  summation  when  the  stimuli  are  very 
close,  but  if  the  second  stimulus  come  after  an  interval  of  more 
than  ^-J^  second,  summation  can  easily  be  appreciated.     This 

Fig.  179. 


Pendulum  Myograph  Tracings  showing  Summation, 
i,  curve  of  maximum  contraction  drawn  by  first  stimulus^  the  exact  time  of  application  of 
which  is  shown  by  the  small  up-stroke  of  the  left  hand  of  the  base  line ;  2,  maximum 
contraction  resulting  from  second  simple  stimulation  given  at  the  moment  indicated  by 
the  other  small  up-stroke ;  3,  curve  drawn  as  the  result  of  double  stimulation  sent  in  at 
an  interval  indicated  by  the  distance  between  the  up-strokes,  showing  summation  of 
stimulus  and  consequent  increase  in  contraction  over  the  *'  maximum  contraction." 

summation  is  more  obvious  when  the  stimulus  is  not  sufficient 
to  produce  a  maximum  single  contraction. 

The  following  tracings  (Figs.   180-182)  show  the  effects  of 
repeated  stimulations  applied  at  the  various  periods  indicated  by 

Fig.  180. 


Curve  of  Tetanus  Resulting  from  30  Stimulations  per  Second,  drawn  by  a  frog's  muscle  on  a 
drum,  the  surface  of  which  moves  1.5  centimeter  per  second.  The  stimulation  com- 
mences at  "  30,"  and  ceases  just  before  the  lever  begins  to  fall.  No  trace  of  the 
individual  contractions  of  which  the  tetanus  is  composed  can  be  recognized, 

the  numbers  on  the  abscissa  line.     They  are  drawn  on  a  com- 
paratively slowly  moving  surface. 

If  a  series  of  stimuli  be  applied  in  succession,  at  intervals  less 
than  the  duration  of  a  single  contraction,  a  summation  of  con- 
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tractions  occurs,  which  results  in  the  accumulation  of  effect  until 
the  muscle  has  shortened  nearly  twice  as  much  as  in  a  single 
contraction ;  it  then  remains  contracted  to  the  same  extent  for 
some  time,  and  does  not  shorten  further  though  the  stimulus  be 
increased  in  rate  or  strength.     As  long  as  the  stimuli  are  con- 

FlG.  j8i. 


Curve  of  Tetanus  Composed  of  Imperfectly  Fused  Contractions  Resulting  from  12  Stimu- 
lations per  Second.  The  serrations  on  the  left  of  the  curve  indicate  the  individual_  con- 
tractions. 

tinued  at  a  rapid  rate,  the  various  single  contractions  caused  by 
the  individual  shocks  are  fused  together  (Fig.  i8o);  but  if  the 
intervals  between  the  stimuli  be  nearly  as  long  as  the  time  occu- 
pied by  a  single  contraction,  the  line  drawn  by  the  lever  will 
show  notches  indicating  the  apices  of  the  fused  single  contrac- 
tions (Figs.  181  and  182). 


Tetanus  Produced  by  Eight  Stimulations  per  Second.  The  more  perfect  fusion  of  the  single 
contractions  shown  toward  the  end  of  the  curve  depends  on  the  altered  condition  of  the 
muscle. 

This  condition  of  summation  of  contractions  is  called  tetanus, 
and  is  said  by  some  to  be  identical  with  the  muscular  motion 
produced  by  the  action  of  the  nerves  in  obedience  to  the  will. 

With  from  fifteen  induced  shocks  to  upward  of  many  hundreds 
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a  second  tetanus  is  produced  in  a  frog's  muscle.  The  lowest 
rate  of  electric  stimulation  at  which  human  muscle  passes  into 
complete  tetanus  is  about  25  per  second.  The  number  of 
stimuli  required  varies  with  the  rate  of  contraction  of  the  muscle 
employed,  the  quick  contracting  bird's  muscle  requiring  70  per 
second,  while  the  exceptionally  slow  moving  tortoise  muscle 
only  requires  three  per  second.  According  to  some,  there  is  a 
limit  to  the  number  of  stimuli  which  will  cause  tetanus;  360  per 
second  is  named  as  the  maximum  for  a  certain  strength  of 
stimulus;  with  stronger  stimuli,  even  when  more  frequent, 
tetanus  occurs.  It  has  been  shown  that  many  thousand  stimuli 
per  second  can  cause  tetanus  even  with  very  weak  currents.  If 
tetanus  be  kept  up  for  some  seconds,  and  the  stimulation  be 
then  suddenly  stopped,  the  lever  falls  rapidly  for  a  certain  dis- 
tance, but  the  muscle  does  not  quite  return  to  its  normal  length 
for  some  few  seconds.  This  residual  contraction  is  easily  over- 
come by  any  substantial  load.  If  kept  in  a  state  of  tetanus  by 
weak  stimulation,  after  some  time  the  muscle  commences  to 
relax  from  fatigue,  at  first  rapidly,  then  more  slowly.  This 
falling  off  of  the  tetanic  contraction  may  be  prevented  by 
increasing  the  stimulus. 

Muscle  Sound. 

Although  the  tracing  drawn  by  a  lever  attached  to  a  muscle 
in  tetanus  is  straight,  and  does  not  show  any  variation  in  the 
tension  of  the  tetanized  muscle,  some  variations  in  tension  must 
occur,  since  a  low  humming  sound  is  produced  during  contrac- 
tion. This  is  called  the  muscle  sound.  It  can  be  heard  by  applying 
the  ear  firmly  over  any  large  muscle  (biceps)  while  in  tetanus, 
by  throwing  the  muscles  attached  to  the  orbit  and  Eustachian 
tube  into  powerful  action,  or  by  spasm  of  the  muscles  in  masti- 
cation. 

The  number  of  vibrations  which  has  been  estimated  to  occur 
in  the  voluntary  contraction  of  human  skeletal  muscles  does  not 
produce  an  audible  note;  hence  it  has  been  supposed  that  the 
note  we  hear  is  an  overtone.  When  a  muscle  is  thrown  into 
tetanus  by  an  induced  current,  the  primary  of  which  is  inter- 


FATIGUE.  499 

rupted  by  a  tuning  fork,  a  tone  is  produced  which  corresponds 
with  that  of  the  fork.  If,  on  the  other  hand,  a  contraction  of 
the  muscle  be  brought  about  by  stimulating  the  spinal  cord, 
with  the  same  rate  of  breaking  the  current,  the  normal  muscle 
tone  is  produced,  as  if  the  contraction  were  the  result  of  a  nerve 
impulse. 

There  is  no  satisfactory  proof,  however,  that  the  variation  in 
tension  of  the  continuous  contraction  of  voluntary  muscle  is 
strictly  rhythmical.  Nor  is  such  rhythm  necessary  in  explain- 
ing the  muscle  sound,  for  a  single  contraction  is  audible,  and  the 
sensation  of  a  sound  like  the,  muscle  sound  is  produced  by  any 
nearly  periodic  vibrations  of  less  rate  than  25  per  second.  The 
pitch  of  the  muscle  sound  is  said  to  vary  with  th^e  tension  of  the 
membrana  tympani.  Hence  it  has  been  suggested  that  it  corre- 
sponds with  the  resonant  tone  proper  to  the  membrane  of  the 
drum,  which  may  be  evoked  by  any  trembling  movements  of 
the  muscle  fibers  due  to  slight  variations  in  the  force  or  distribu- 
tion of  the  impulses  transmitted  by  the  motor  nerves. 

Irritability  and  Fatigue. 

The  activity  of  the  muscle  of  mammalia  is  closely  dependent 
upon  its  nutrition.  If  its  blood  current  be  completely  cut  off, 
in  a  short  time  it  loses  its  power  of  contracting.  While  the 
muscle  remains  in  the  body,  and  is  kept  warm  and  moist  by  the 
juices  I  in  the  tissues,  it  will  live  for  many  hours  without  any 
blood  flowing  through  it,  and  it  at  once  regains  its  contractility 
when  the  blood  stream  is  again  established.  This  is  seen  when 
the  circulation  of  a  limb  is  brought  to  a  standstill  by  means  of 
a  tourniquet  or  a  tightly  applied  bandage.  A  mammalian 
muscle  soon  ceases  to  be  irritable  and  dies  when  removed  from 
the  body,  but  its  functional  activity  may  be  renewed  by  passing 
an  artificial  stream  of  arterial  blood  through  its  vessels,  and  an 
isolated  muscle  may  thus  be  made  to  contract  repeatedly  for  a 
considerable  time. 

The  muscle  of  a  cold-blooded  animal,  on  the  other  hand,  will 
remain  alive  for  a  long  time  if  kept  cool  and  moist.  When  its 
functional  activity  is  about  to  fade,  it  may  be  revived  by  means 
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of  an  artificial  stream  of  blood  caused  to  flow  through  its  vessels, 
just  as  in  the  case  of  the  mammalian  muscle. 

Common  experience  teaches  us  that  even  when  well  supplied 
with  blood  our  muscles  become  fatigued  after  very  prolonged 
exertion,  and  are  incapable  of  further  action.  This  occurs  all 
the  more  rapidly  when  anything  interferes  with  the  flow  of 
blood  through  them,  such  as  using  our  arms  in  an  elevated 
position ;  the  simple  operation  of  driving  in  a  screw  overhead 
is  soon  followed  by  painful  fatigue  in  the  muscles  of  the  fore- 
arm, though  the  same  amount  of  force  could  be  exerted  for  a 
long  time  when  the  arms  are  in  a  lower  posture  without  the  least 
feeling  of  fatigue. 

The  difficulties  of  experimenting  with  the  muscles  of  mammals 
make  the  frog  muscle  the  common  material  for  investigation, 
and  from  it  we  learn  the  following  facts: — 

1.  When  removed  from  the  body  and  deprived  of  its  blood 
supply,  a  muscle  placed  under  favorable  circumstances  and 
allowed  perfect  rest  may  contract  after  twenty-four  hours.  If 
it  be  frequently  excited  to  action,  on  the  other  hand,  it  loses 
its  irritability,  being  worn  out  by  fatigue. 

2.  From  a  muscle  removed  from  a  recently  killed  animal,  we 
learn  that  even  without  a  supply  of  blood  the  muscle  tissue  is 
capable  of  recovering  from  very  well-marked  fatigue  if  it  be 
allowed  to  rest  for  a  little  time,  so  that  the  muscle  has  in  itself 
the  material  requisite  for  its  recuperation. 

The  first  question  then  is,  what  causes  the  loss  of  irritability 
which  we  call  fatigue?  And  the  second  is,  by  what  means  is 
the  muscle  enabled  to  return  to  a  state  of  functional  activity? 
We  know  that  the  mere  life  of  a  tissue  must  be  accompanied  by 
certain  chemical  changes  which  require  (a)  a  supply  of  fresh 
material,  and  (J))  the  removal  of  certain  substances  which  are 
the  outcome  of  the  tissue  change.  When  the  muscle  contracts, 
much  more  active  changes  go  on,  more  new  material  being  re- 
quired, and  more  effete  matter  being  produced.  It  is  probable 
that  the  accumulation  of  these  effete  matters  is  the  more  im- 
portant cause  of  the  loss  of  irritability  in  a  muscle,  for  a  frog's 
muscle  when  quite  fatigued  may  be  rendered  active  again  by 
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washing  out  its  blood-vessels  with  a  stream  of  salt  solution 
(.65  per  cent.  NaCl)  and  removing  the  "fatigue  stuffs,"  which 
first  act  upon  the  end-plates  of  the  nerves  in  the  muscle.  It  is 
found  that  a  very  minute  quantity  of  lactic  acid  injected  into 
the  vessels  of  a  muscle  destroys  its  irritability  and  brings  it  to 
a  state  resembling  intense  fatigue.  Of  the  new  materials 
required  for  the  sustentation  of  muscle  irritability,  oxygen  is 
among  the  most  important,  though  its  supply  is  not  absolutely 
necessary  for  the  temporary  recuperation  of  a  partially  exhausted, 
isolated  frog's  muscle. 

The  slow  recovery  of  a  bloodless  muscle  from  fatigue  may  be 
explained  by  supposing  time  to  be  necessary  for  the  reconstruc- 
tion of  new  contractile  chemical  combination,  an'd  probably  also 
for  a  secondary  change  to  take  place  in  the  effete  materials  by 
which  they  become  less  injurious. 

As  already  explained  in  speaking  of  the  vaso-motor  influences, 
a  muscle  receives  a  greater  supply  of  blood  when  actively  con- 
tracting than  when  in  the  passive  state.  This  is  required  to 
ward  off  exhaustion. 

The  irritability  of  a  muscle  may  be  said  to  depend  upon  : — 

1.  The  adequacy  of  its  blood  supply:  i.e.,  the  better  the 
supply  of  new  material  and  the  more  quickly  the  injurious  effete 
materials  are  removed. 

2.  Temperature  has  a  marked  effect  on  the  irritability  of  mus- 
cles as  well  as  upon  the  form  of  the  contraction.  Low  tempera- 
tures— approaching  5°  C. — diminish  the  irritability  of  a  muscle, 
but  do  not  seem  to  tend  toward  more  rapid  exhaustion.  High 
temperatures — approaching  30°  C. — increase  the  irritability,  and 
at  the  same  time  rapidly  bring  about  fatigue. 

3.  Functional  activity  is  advantageous  for  their  growth  and 
power.  Thus  when  the  nerves  supplying  the  voluntary  muscles 
are  injured,  there  is  considerable  danger  of  atrophy  and  degen- 
eration of  the  muscles;  the  contractile  substance  becomes 
replaced  by  fat  granules.  This  degeneration  also  occurs  in  the 
stump  when  a  limb  is  amputated  ;  the  distal  attachments  of  the 
muscles  having  been  cut,  they  cannot  act,  and  in  time  they 
become  completely  atrophied. 
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The  ordinary  sensation  of  fatigue  depends  upon  the  nerve- 
centers  being  affected  by  the  fatigue-stuff  of  muscle. 

Death  Rigor. 

The  death  of  muscle  tissue  is  associated  with  a  set  of  changes 
which;  in  some  respects,  resemble  those  observed  in  its  active 
state.  The  most  obvious  phenomenon  is  an  unyielding  contrac- 
tion, which  causes  the  stiffening  of  the  body  after  death.  Hence 
it  is  called  rigor  mortis.  The  muscles  harden,  lose  their  elas- 
ticity, and  the  tissue  is  torn  if  forcibly  stretched.  When  isolated 
the  muscle  is  seen  to  be  opaque,  and  its  reaction  is  found  to  be 
distinctly  acid.  A  considerable  quantity  of  heat  is  developed 
during  the  progress  of  the  rigor.  The  electric  currents  alter  in 
direction  and  finally  disappear. 

The  period  at  which  rigor  comes  on  and  its  duration  depend 
on  {a)  the  state  of  the  muscles  at  the  time  of  death,  and  (J>)  the 
circumstances  under  which  they  are  then  placed.  All  influences 
which  tend  to  fatigue  induce  early  rigor  of  short  duration,  viz. : 
(i)  Prolonged  activity — as  may  be  shown  in  a  muscle  artificially 
tetanized,  or  seen  in  an  animal  whose  death  was  preceded  by 
intense  muscular  exertion — causes  rigor  to  appear  almost  imme- 
diately and  to  terminate  rapidly.  (2)  Inactivity  of  the  muscles 
delays  rigor.  If  one  sciatic  nerve  be  cut  some  little  time  before 
death,  the  muscles  of  that  leg  pass  into  rigor  later  than  those  of 
the  leg  still  connected  with  the  spinal  cord.  This  occurs  in  a 
perfectly  resting  animal,  and  even  if  made  immediately  after 
death  the  section  of  the  nerve  delays  rigor  on  the  side  operated 
upon.  (3)  High  temperature  facilitates  the  production  of  rigor 
in  dying  muscles.  This  form  of  contraction,  which  is  called 
heat  rigor,  is  brought  about  in  mammalian  muscles  by  a  tempera- 
ture of  about  50°  C,  and  in  frog's  muscles  below  40°  C.  If, 
however,  the  temperature  of  a  muscle  be  suddenly  raised  to  the 
boiling  point,  it  is  killed,  and  the  chief  phenomena  of  rigor  are 
prevented  from  occurring.  (4)  Freezing  postpones  the  changes 
in  the  muscles  upon  which  rigor  depends.  (5)  Stretching,  or 
any  mechanical  excitation  which  tends  to  injure  the  tissue,  causes 
it  to  pass  more  rapidly  into  rigor.     (6)  The  application  of  water 
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and  of  a  number  of  chemical  substances  cause  muscles  quickly 
to  pass  into  a  state  of  rigor  similar  to  that  which  ordinarily  follows 
the  death  of  the  tissue.  (7)  Any  stoppage  in  the  blood  current 
makes  it  pass  after  some  time  into  a  state  of  rigidity  like  rigor 
mortis,  but  this  may  be  removed  by  allowing  the  blood  to  flow 
freely  again  through  the  muscle. 

It  is  generally  admitted  that  rigor  mortis  depends  on  the 
tendency  of  the  muscle  plasma  to  coagulate.  This  is  in  most 
respects  comparable  with  the  coagulation  of  the  blood,  and  may 
also  depend  upon  the  action  of  some  ferment,  of  which  there  is 
no  lack  in  dead  muscle  tissue.  Compare  the  paragraph  on 
chemistry,  p.  474. 

Most  of  the  phenomena  of  the  process  of  muscle  rigor  remind 
us  of  the  changes  already  described  as  occurring  in  muscle  when 
it  passes  from  the  passive  to  the  active  state.  Thus  the  shorten- 
ing of  the  fibers,  the  evolution  of  heat,  and  the  chemical  changes 
may  be  said  to  be  identical  in  contraction  and  rigor  mortis.  The 
electrical  changes  are,  however,  very  transitory,  and  the  rigor  is 
accompanied  by  complete  loss  of  elasticity  and  irritability. 
Opacity  of  the  tissue  marks  its  later  stages. 

Thus,  while  dying,  the  muscle  tissue  may  be  said  to  go  through 
a  series  of  events  analogous  to  those  which  would  occur  in  a 
prolonged  contraction.  The  idea  naturally  suggested  itself 
(Hermann)  that  the  active  state  of  muscle  depends  upon  chemical 
changes  which  are  the  initial  steps  in  the  coagulation  of  the  con- 
tractile substance  when  the  muscle  is  dying.  The  muscle  tissue 
is  supposed  to  contain  a  special  proteid,  inogen,  of  extremely 
intricate  and  unstable  chemical  constitution.  This,  during 
activity,  is  constantly  undergoing  molecular  change,  and  if  not 
re-integrated  by  constant  assimilation  would  pass  into  coagula- 
tion with  the  formation  of  carbonic  anhydrid,  sarcolactic  acid, 
and  myosin.  Under  the  influence  of  stimuli  a  comparatively 
sudden  and  intense  molecular  disturbance  is  brought  about. 
Before  the  stage  of  coagulation  appears  a  chemical  re-arrange- 
ment takes  place,  the  result  of  which  is  the  reconstruction  of 
the  unstable  complex  proteid.  If  nutriment  be  withheld,  or  if 
the  stimulation  be  too  powerful,  the  recovery  cannot  take  place, 
43 
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and  we  find  the  muscle  passing  from  a  state  of  physiological 
contraction  to  one  of  intense  exhaustion,  and  then  to  coagula- 
tion and  death. 

Unstriated  Muscle. 

So  far  reference  has  only  been  made  to  the  skeletal  muscles, 
the  fibers  of  which  are  marked  by  transverse  striations,  and 
whose  single  contraction  is  extremely  rapid  and  short.  The 
contractile  tissues  which  carry  on  the  movements  in  most  organs 
of  the  body  are  not  striated  fibers,  but  consist  of  elongated  flat- 
tened cells  with  rod-shaped  nuclei.  They  occur  generally  in 
the  form  of  sheets  or  layers,  forming  coats  for  the  organs  in 
which  they  lie.  Their  contraction  is  slow  and  prolonged,  and 
is  generally  transmitted  from  one  muscle  cell  to  another  as  a 
kind  of  sluggish  wave.  They  are  not  capable  of  passing  into  a 
tetanic  state  of  contraction  like  striated  muscles. 

The  slowest  contraction  seems  to  be  that  of  the  muscle  cells 
in  the  walls  of  the  blood-vessels.  These  remain  in  a  state  of 
partial  contraction,  which  undergoes  a  brief  and  temporary 
rhythmical  relaxation.  The  most  forcible  aggregate  of  unstriated 
muscle  elements  is  met  with  in  the  uterus.  This  organ,  which 
has  very  exceptional  motor  powers  to  perform,  contracts  in 
somewhat  the  same  way  as  the  muscles  of  the  blood-vessels,  but 
more  quickly  and  with  longer  rhythmical  intervals  of  partial 
relaxation.  The  muscular  wall  of  the  intestine  and  the  iris  are 
among  the  most  rapidly  contracting  smooth  muscles. 

The  chemical  properties  of  the  smooth  muscles  are  similar  to 
those  of  striated  skeletal  muscles,  and  while  dying  they  pass 
into  a  state  of  rigor,  which  seems  to  depend  on  the  same  causes 
as  the  rigor  mortis  already  described. 


APPLICATION   OF   SKELETAL   MUSCLES.  505 


CHAPTER  XXV. 

THE  APPLICATION  OF  SKELETAL  MUSCLES. 

The  muscles  are  so  attached  that  they  are  always  slightly  on 
the  stretch.  This  elastic  tension  is  augmented  by  the  tonic  con- 
traction of  the  muscles  kept  up  by  the  spinal  cord.  This  spinal 
tonus  can  be  seen  to  disappear  when  the  nerves  leading  to  a  limb 
are  cut.  Thus  when  the  muscles  begin  to  contract  they  are  in 
an  advantageous  position  to  bring  their  action  to  bear  on  the 
bones  which  they  move.  When  the  contraction  ceases  the  bones 
are  drawn  back  to  their  former  position  without  any  sudden  jerk 
or  jar. 

As  a  very  general  but  by  no  means  universal  rule  a  muscle 
has  one  attachment  which  is  fixed,  commonly  spoken  of  as  its 
origin,  and  a  second,  called  its  insertion,  upon  which  it  acts 
by  approximating  it  to  the  origin.  Muscles  usually  pass  in  a 
straight  line  between  their  two  attachments,  but  sometimes  they 
act  round  an  angle  by  sliding  over  a  pulley,  or  by  means  of  a 
small  bone  in  the  tendon,  like  the  patella. 

The  muscles  act  upon  the  bones  as  levers  by  working  upon 
the  short  arm  of  the  lever,  so  that  more  direct  force  is  required 
on  the  part  of  a  muscle  than  the  weight  of  the  body  moved ; 
but  from  this  arrangement  considerable  advantages  are  gained, 
viz.,  that  a  small  contraction  of  the  muscle  causes  an  extensive 
excursion  of  the  part  moved,  and  much  greater  rapidity  of  motion 
is  attained. 

All  the  three  orders  of  levers  are  met  with  in  the  movements 
of  the  different  bones  of  the  skeleton ;  often,  indeed,  all  three 
varieties  are  found  in  the  same  joint,  as  the  elbow,  where  the 
simple  extension  and  flexion  motions  of  the  biceps  and  triceps 
muscles  give  us  good  examples  (Fig.  183). 

The  first  order  of  lever  is  used  when  the  triceps  is  the  power 
and  draws  upon  the  olecranon,  thus  moving  the  hand  and  fore- 
arm around  the  trochlea,  which  acts  as  the  fulcrum.     This  is 
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Fig.  183. 


shown  in  the  upper  diagram,  in  which  the  hand  is  striking  a 
blow  with  a  dagger. 

The  second  order  comes  into  play  when  the  hand,  resting  on 
a  point  of  support,  acts  as  the  fulcrum,  and  the  triceps  pulling 
on  the  olecranon  is  the  power  which  raises  the  humerus  upon 
which  is  fixed  the  body  or  weight  (middle  diagram). 

The  third  order  may  be  exemplified   by  the  action  of  the 

biceps  in  ordinary  flexion  of  the 
elbow.  Here  the  muscle,  which 
is  the  power,  is  placed  between  the 
fulcrum — represented  by  the  lower 
end  of  the  humerus — and  the 
weight  which  is  carried  by  the 
hand  (lower  diagram). 

The  various  groups  of  muscles 
which  are  so  arranged  as  to  assist 
each  other  when  acting  together 
are  called  synergetic,  and  those 
which  when  contracting  at  the 
same  tijne  oppose  each  other  are 
called  antagonistic.  The  same 
muscles  may,  in  different  positions 
of  a  joint  or  in  combination  with 
other  muscles,  have  totally  differ- 
ent actions,  at  one  time  being 
synergetic  and  at  another  antagon- 
istic. Thus,  the  sterno-mastoid 
muscle  may,  in  different  positions 
of  the  head,  either  bend  the 
cranium  backward  or  forward,  and 
so  co-operate  with  two  sets  of 
muscles  which  are  definitely  antag- 
onistic to  one  another. 


Diagrams  Showing  the  Mode  of  Action 
of  the  Three  Orders  of  Levers  (num- 
hered  from  above  downward),  illus- 
trated by  the  action  of  the  elbow 
joint. 


Standing. 


In  order  that  an  elongated  rigid  body  may  stand  upright  it  is 
only  necessary  that  a  line  drawn  vertically  through  its  center 
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of  gravity  should  pass  within  its  basis  of  support,  and  if  the  latter 
be  suflSciently  wide  the  object  will  remain  permanently  in  that 
position.  The  human  body,  in  the  first  place,  is  not  rigid,  and, 
in  the  second  place,  the  basis  of  support  is  too  small  to  insure  a 
satisfactory  degree  of  steadiness.  The  act  of  standing  must, 
therefore,  be  accomplished  by  the  action  of  certain  muscles, 
which  are  employed  in  preventing  the  different  joints  from 
bending,  and  in  so  balancing  the  various  parts  of  the  body  as 
to  keep  the  whole  frame  from  toppling  over. 

In  order  to  economize  muscular  energy  while  standing,  we 
may  lock  the  more  important  joints,  and  thus  depend  rather 
on  the  passive  ligaments  than  upon  muscular  action  for  the 
rigidity  of  the  body.  With  this  object  we  are  taught  to  place 
the  heels  together,  turn  out  the  toes,  bring  the  legs  parallel  by 
approximating  them,  and  extending  the  knees  to  the  utmost,  to 
straighten  and  throw  back  the  trunk  so  as  to  render  tense  the 
anterior  hip  ligaments,  to  direct  the  face  straight  forward  so  as 
to  balance  the  head  evenly,  and  to  let  the  arms  fall  by  the 
sides. 

In  this  position,  as  a  soldier  stands  at  attention,  the  knee  and 
hip  joints  remain  fixed,  without  any  effort  on  the  part  of  the 
muscles,  but  it  is  far  irom  being  the  most  comfortable  attitude 
one  can  assume  for  prolonged  standing,  and  hence  the  position 
known  best  by  the  order  "  Stand  at  ease  "  is  adopted  if  more 
complete  rest  is  desired.  In  this  position  the  weight  of  the 
body  is  usually  allowed  to  rest  on  one  leg  while  the  other  lightly 
touches  the  ground  to  form  a  kind  of  st^y  ^nd/ relieve  the 
muscles  which  surround  the  supporting  ankle  from  too  gi^eat  an 
effort  of  balancing.  At  the  same  time  the  knee,  is  extei(^d 
and  the  pelvis  becomes  somewhat  oblique,  so  as  to  bring  it  more 
directly  over  the  head  of  the  femur.  In  ordinary'«asy  standing, 
the  joints  are  not  usually  kept  locked  by  the  tension  Qf|t^ie| 
ligamentous  structures,  but  their  position  is  constantly  being 
very  slightly  altered  so  as  to  vary  the  muscles  employed  in 
preserving  the  balance  and  thus  prevent  fatigue 

The   joints    most    exercised    in   the  erect    posture   are   the  ■ 
following : — 
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1.  The  ankle  has  to  support  the  weight  of  the  entire  body, 
while  the  joint  is  neither  flexed  nor  extended  to  its  utmost,  and 
cannot  be  fixed  in  this  position  by  ligamentous  arrangements. 
The  foot  being  placed  on  the  ground,  resting  on  the  heel  and 
the  balls  of  the  great  and  little  toes,  is  supported  in  an  arch-like 
form  by  strong  though  elastic  ligaments,  which  allow  but  little 
motion  in  the  numerous  joints.  The  bones  of  the  leg  can  move 
in  the  freest  way,  backward  or  forward,  over  the  articular 
surface  of  the  astragalus,  which  forms  the  roller  of  the  hinge, 
lateral  motion  being  prevented  by  the  malleoli.  The  line 
passing  through  the  center  of  gravity  of  the  body  generally 
falls  slightly  in  front  of  the  axis  of  rotation  of  the  ankle  joint, 
so  that  the  entire  body  tends  to  fall  forward  at  the  ankles. 
This  tendency  is  checked  by  the  powerful  calf  muscles,  which," 
attached  to  the  calcaneum  by  means  of  the  strong  tendo- 
Achillis,  keep  the  parts  in  such  a  position  that  an  exact  balance 
is  almost  constantly  kept  up. 

2.  The  knee  joint,  when  conipletely  extended  in  standing, 
requires  no  muscular  action  to  prevent  it  from  bending,  because 
the  line  of  gravity  then  passes  in  front  of  the  axis  of  rotation, 
and  the  weight  of  the  body  tends  to  press  the  knee  backward. 
This  is  impossible  on  account  of  the  strong  ligaments  which 
exert  their  traction  behind  the  axis  of  rotation.  As  a  rule, 
these  ligaments  are  not  put  on  the  stretch  in  this  way,  when  the 
feet  are  together,  but  the  joint  is  held,  by  muscular  power,  in 
such  a  position  that  the  line  of  gravity  passes  just  through,  or 
very  slightly  behind,  the  axis  of  rotation  of  the  joint,  so  that 
there'  is  a  slight  tendency  for  the  knee  to  bend.  This  is 
cp'mpletely  checked  by  the  powerful  extensor  muscles  of  the 
thigh.  ■   "       '        /         \, 

3.  In  tJie  ^ip  joints,  which  have  to  support  the  trunk  and 
head,  the  line  of  gravity  falls  just  behind  the  line  uniting  the 
joints  when  the  person  is  plerfectly  erect,  so  that  here  the  body 
has  a  tendency  to  fall  backward.  This  is  prevented  by  the 
strong  ilio-femoral  ligdment.  When,  however,  the  knee  is  not 
straightened  to  the  full  extent,  so  that  the  line  of  gravity  passes 
through  or  a  little  behind  the  axis  of  rotation  of  that  joint,  then 
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the  pelvis  is  very  slightly  flexed  on  the  femora,  so  that  the  axis 
of  the  joints  lies  exactly  in  or  a  little  behind  the  line  of  gravity, 
and  thus  the  body  inclines  rather  to  fall  forward.  This  ten- 
dency is  prevented  by  the  powerful  glutei  muscles,  which  also 
enable  us  to  regain  the  erect  posture  after  bending  the  trunk 
forward. 

The  motions  between  the  pelvis  and  the  base  of  the  vertebral 
column  are  too  slight  to  deserve  attention  here.  The  verte- 
bral column,  wedged  in  as  it  is  between  the  two  innominate 
bones,  may  be  taken,  together  with  the  pelvis,  as  forming  a  very 
yielding  and  elastic,  but  practically  jointless,  pillar,  the  upper 
part  of  which  can  alone  be  bent  to  such  an  extent  as  to  require 
mention  in  discussing  the  mechanism  of  station. 

The  individual  joints  between  the  cervical  vertebra  permit  but 
a  slight  amount  of  movement  when  taken  separately,  but  by 
their  aggregate  motion  they  enable  considerable  extension  and 
flexion  of  the  neck  to  take  place.  These  motions  follow  so 
closely,  and  are  so  inseparably  associated  with  those  of  the  head 
on  the  upper  vertebra,  that  there  is  no  need  to  consider  them 
separately  from  the  latter. 

The  atlanto-occipiial  joints  admit  of  some  little  lateral 
movement,  but  that  in  the  antero-posterior  direction  is  much 
the  more  important,  but  even  this  would  be  insignificant  were 
it  not  associated  with  the  movements  between  the  other  cervical 
vertebrae. 

The  cranium  has  then  to  be  balanced  on  the  top  of  a  flexible 
column,  and  rests  immediately  in  a  kind  of  socket,  which  can 
move  as  a  double  hinge  around  two  axes  at  right  angles  one  to 
the  other.  The  vertical  line  from  the  center  of  gravity  of  the 
cranium  must  vary  with  every  forward,  backward,  or  lateral 
movement  of  the  head  or  neck,  but  in  the  erect  posture  it  passes 
a  little  in  front  of  the  axis  of  rotation  of  the  atlanto-occipital 
joint  and  somewhat  behind  the  curve  of  the  cervical  vertebrae, 
so  that  the  head  may  be  said  to  be  poised  on  the  apex  of  the 
vertebral  column,  with  some  tendency  to  fall  forward.  There 
are  no  ligamentous  structures  which  can  lock  the  joints  so  as  to 
keep  the  head  in  the  erect  position  ;  therefore  without  the  aid  of 
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muscular  force  the  head  will  fall  forward  or  backward  according 
to  the  position  it  may  be  in  when  the  muscles  suddenly  relax,  as 
happens  in  falling  asleep  in  the  upright  posture. 

From  the  foregoing  facts  it  will  be  seen  that  there  exists  a 
kind  of  coordinated  antagonism  at  work  in  ordinary  easy 
standing  which  keeps  the  elastic  pliable  body  upright,  without 
the  rigidity  adopted  when  standing  "at  attention."  The 
muscular  action  is  more  exercised  when  we  are  not  on  steady 
ground  and  varied  coordination  becomes  necessary :  for  instance, 
"When  we  go  on  board  ship  for  the  first  time.  Standing  then 
takes  some  little  time  to  become  easy,  and  requires  new 
associations  of  movement.  The  gastrocnemius  and  soleus  relax 
the  ankle  in  a  degree  just  proportionate  to  the  amount  of  flexion 
of  the  knee  permitted  by  the  quadriceps  extensor  cruris,  while 
simultaneously  the  great  gluteal  muscle  allows  the  body  to 
incline  forward  so  as  to  keep  its  center  of  gravity  in  the  proper 
relation  to  the  basis  of  support. 

Walking  and  Running. 
Walking  is  accomplished  by  poising  the  weight  on  one  foot 
and  then  tilting  the  body  forward  with  the  other,  which  is  then 
swung  in  front  and  placed  on  the  ground  to  prevent  falling. 
These  acts  are  performed  alternately  by  each  leg,  so  that  the 
"  swinging  limb  "  becomes  the  "  supporting  limb  "  of  the  next 
step.  The .  swinging  leg  is  described  as  having  two  phases — 
(i)  active  while  pushing  off  from  the  ground,  and  (2)  passive, 
while  swinging  forward  like  a  pendulum.  In  starting,  one  foot 
is  placed  behind  the  other,  so  that  the  line  of  gravity  lies 
between  the  two,  the  hindmost  limb  having  the  ankle  and  knee 
a  little  bent.  By  suddenly  straightening  these  joints  it  gives  a 
"push  off"  with  the  toes  and  propels  the  body  forward,  so  as 
to  move  it  around  the  axis  of  motion  of  the  fixed  or  supporting 
ankle  joint.  At  the  end  of  the  swing,  the  pendulous  leg  comes 
to  the  ground  and  leaves  the  other  limb  in  attitude  ready  for  the 
push-off.  Thus  on  the  level  ground  walking  is  carried  on  with 
but  small  muscular  exercise ;  but  in  ascending  an  incline  or 
going  up  stairs  the  supporting  limb  has  to  elevate  the  body  at 
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each  step  by  extending  the  knee  and  ankle  joints  by  the  thigh 
extensors  and  the  calf  muscles. 

Running  is  distinguished  from  walking  by  the  fact  that,  while 
in  the  latter  both  feet  rest  on  the  ground  for  the  greater  part  of 
each  pace,  in  the  former  the  time  that  either  foot  rests  on  the 
ground  is  reduced  to  a  minimum,  and  the  body  can  never  be 
said  to  be  balanced  on  either  leg,  so  that,  in  fact,  there  is  no 
longer  a  "  supporting  limb."  The  legs  are  kept  in  a  serai-flexed 
position  ready  for  the  push-off  or  spring,  which  is  so  forcibly 
carried  out  that  the  body  is  propelled  through  the  air  without 
any  support  between  each  step,  and  has  a  constant  tendency  to 
fall  forward.  Thus  an  interval  of  greater  or  lesser  duration, 
according  to  the  pace,  exists,  during  which  both  the  feet  are  off 
the  ground,  because  the  moment  either  foot  comes  to  the  ground 
it  at  once  executes  a  new  spring  without  waiting  for  the  swing  of 
the  other. 
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CHAPTER  XXVI. 

VOICE  AND  SPEECH. 

The  human  voice  is  produced  by  an  expiratory  blast  of  air 
being  forced  through  the  narrow  opening  at  the  top  of  the 
Ayindpipe  called  the  glottis.  The  glottis,  which  lies  in  the 
lower  part  of  the  larynx,  is  bounded  on  each  side  by  the  edges 
of  thin,  elastic,  membranous  folds  that  project  into  the  air 
passages.  These  membranous  folds,  called  the  vocal  cords,  are 
set  vibrating  by  the  current  of  air  from  below,  and  communi- 
cate their  vibrations  to  the  air  in  the  air  passages  situated  above 
them. 

The  vocal  apparatus  produces  sound  in  the  same  manner  as 
a  musical  instrument  of  the  reed-pipe  variety.  If  we  compare 
it  with  the  pipe  of  an  organ,  we  find  all  the  parts  of  the  latter 
represented.  The  lungs  within  the  moving  thorax  act  as  the 
bellows.  The  bronchi  and  trachea  are  the  supply  pipes  and 
air  box.  The  vocal  cords  are  the  vibrating  tongues,  while  the 
larynx,  pharynx,  mouth,  and  nose  act  as  the  accessory  or  re- 
sonating pipes.  The  blast  of  air  is  produced  and  regulated  by 
the  respiratory  muscles ;  and  special  intrinsic  muscles  of  the 
larynx  change  the  conditions  of  the  vocal  cords  so  as  to  alter 
the  pitch  of  the  notes  produced.  Other  sets  of  muscles,  by 
altering  the  conditions  of  the  resonating  pipes,  give  rise  to 
many  modifications  in  the  vocal  tones,  and  thus  produce  what 
is  called  speech. 

Anatomical  Sketch. 

The  larynx,  which  may  be  regarded  as  the  special  organ  of 
voice,  is  made  up  of  four  cartilages,  viz.,  the  cricoid,  thyroid, 
and  two  arytenoids,  jointed  together  so  as  to  allow  of  consider- 
able motion.  Of  these  the  inferior,  the  cricoid,  is  attached  to 
the  trachea,  which  it  joins  to  the  others.  It  forms  a  ring, 
which  is  thin  in  front,  but  deep  and  thick  behind,  owing  to  a 
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Fig.  184. 


peculiar  projection  upward  of  its  posterior  part.  The  thyroid 
consists  of  two  side  wings  so  bent  as  to  form  the  greater  part  of 
the  anterior  and  lateral  bound- 
aries of  the  voice  box,  and  can 
be  felt  easily  in  the  front  of  the 
throat.  It  is  articulated  to  the 
sides  of  the  cricoid  by  its  two 
inferior  and  posterior  extremi- 
ties, so  that  the  upper  part  of 
the  cricoid  cartilage  can  move 
backward  and  forward.  The 
arytenoid  cartilages  are  little 
three-sided  pyramidal  masses 
placed  on  the  upper  surface  of 
the  posterior  part  of  the  cri- 
coid, to  which  they  are  attached 
by  a  loose  joint.  They  are  so 
placed  that  one  surface  looks 
inward,  a  second  backward, 
and  the  third  forward  and  out- 
ward, while  the  inferior  surface 
rides  on  the  cricoid.  One  point 
looks  forward,  and  to  it  is  at- 


tached the  vocal   cord    on    each    Anterior  Half  of  a  Transverse  Vertical  Section 

Through  the  Larynx  near  its  Middle,  Seen 
from  Behind.  More  is  cut  away  on  the 
upper  part  of  the  right  side.  1,  upper 
division  of  the  laryngeal  cavity;  2,  cen- 
tral portion ;  3,  lower  portion  continued 
into  4,  trachea ;  f,  epiglottis ;  e',  its  cush- 
ion ;  t,  thyroid  cartilage  seen  in  section ; 
vlf  true  vocal  cord  at  the  rima  glottidis ; 
J,  ventricle  of  larynx ;  ^,  saccule.  (.(4. 
Thomson.) 


side,  hence  it  has  been  called  the 
vocal  process.  The  apex,  which 
looks  outward  and  backward, 
gives  attachment  to  some  of  the 
intrinsic  muscles,  and  hence  has 
been  called  the  muscular  process. 

The  thyroid  cartilage  is  connected  with  the  cricoid  below 
and  with  the  hyoid  bone  above  by  ligaments  and  tough  mem- 
branes, which  hold  the  parts  together,  fill  in  the  intervals,  and 
complete  the  framework  of  the  larynx. 

The  vocal  cords  are  composed  of  small  strands  of  elastic 
tissue,  which  are  stretched  between  the  anterior  processes  of  the 
arytenoid  cartilages  and  the  inferior  part  of  the  thyroid,  where 
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they  are  attached  side  by  side  to  the  posterior  surface  of  the 
angle  formed  by  the  junction  of  the  two  lateral  parts  or  alae  of 
the  thyroid.  The  mucous  membrane  which  lines  the  larynx  is 
thin  and  closely  adherent  over  the  vocal  cords. 
The  surface  of  the  laryngeal  cavity  is  smooth 
and  even,  the  lining  membrane  passing  over 
the  cartilages  and  muscles  so  as  to  obliterate 
all  ridges  except  the  vocal  cords  and  two 
others,  less  sharply  defined,  called  the  false 
vocal  cords,  which  lie  parallel  to  and  above 
the  true  vibrating  cords.  Between  these  is  the 
cavity  known  as  the  ventricle  of  the  larynx. 

Mechanism  of  Vocalization. 
•  Shape  of  the  Opening  of  the  Glottis. — Taking 
the  thyroid  cartilage  as  the  fixed  base,  the 
cricoid  and  arytenoid  cartilages  undergo  move- 
ments which  bring  about  two  distinct  sets  of 
changes  in  the  glottis  and  its  elastic  edges, 
namely,  (i)  widening  and  narrowing  the  open- 
ing; (2)  stretching  and  relaxing  of  the  vocal 
cords.  During  ordinary  respiration  the  glottis 
remains  about  half  open,  being  slightly  widened 
during  inspiration  (B').  During  forced  in- 
spiration the  glottis  is  widely  dilated  by  mus- 
_.  T- ,     r      cular  action   (C).      If    an   irritating  gas  be 

Diagrams  Taken  from  \.      /  00 

the    Laryneoscopic    inspired,   the  glottis  is    tightly  closed  by  a  spas- 
showing  in  transverse'  rnodic  action   of  certain  muscles,  so  that  the 

section  the    position 

in  which  the  vocal  true  vocal  cords  act  as  a  kind  of  valve. 

cords    and    the   ary- 
tenoid cartilages  are       During  vocaUzation  the  glottis  IS  formed  into 

supposed  to  be  during  .... 

different  actions  of  a  narrow  chmk  with  parallel  sides  (A  ),  while 

the  larynx. 

A',  vocal  chink  as  in  the  cords  are  made  more  or  less  tense,  accord- 
singing  ;   b',  in  easy,   .  i         •     1       r    1 

quiet  inhalation   of  lug  to  the  pitch  01  the  note  to  be  produced; 
sp^ration?  """^    '  '  both  these  changes  are  brought  about  by  mus- 
cular action. 
The  opening  of  the  chink  of  the  glottis  is  accomplished  chiefly 
by  a  muscle  called  the  posterior  crico-arytenoid,  which  passes 
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from  the  posterior  surface  of  the  cricoid  cartilage  to  the  outer 
and  posterior  angle  of  the  arytenoids.  By  pulling  the  latter 
point  downward  and  backward  it  separates  the  arytenoid  carti- 
lages, particularly  at  their  anterior  extremity,  where  the  cords  are 
attached.  In  this  action  it  is  aided  by  a  small  muscle,  the  pos- 
terior arytenoid,  connecting  the  posterior  surfaces  of  the  aryte- 
noid cartilages,  and  tending,  when  the  two  arytenoid  cartilages 
are  held  apart,  to  rotate  them  so  that  the  vocal  processes  are 
separated. 

The  narrowing  of  the  glottis  is  executed  by  the  lateral  crico- 
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Fig.  187. 


Diagram  of  the  Side  View  of  the 
Larynx,  showing  the  position  of 
the  vocal  cords,  V.    {Huxley^ 

Ar,,  Arytenoid  cartilage  ;_  Hy.^ 
hyoid  bone  ;  Tft.,  thyroid  car- 
tilage ;  Cr.,  ci-icoid  cartilage  ; 
TV.,  trachea ;  C.  th.,  crico-thy- 
roid  muscle  ;  7yi./4.,  thyro-ary- 
tenoid  muscle;  .£/., epiglottis. 


J>iA 


Diagram  of  the  Opening  of  the  Larynx  from 
Above.    {Huxley.) 

Th.,  thyroid  cartilage  ;  Cr. ,  cricoid  cartilage  ; 
Ary.,  superior  extremities  of  the  arytenoid 
cartilages;  K.,  vocal  cords  ;  77i.  ^.^  thyro- 
arytenoid muscles;  Cjl.l.,  lateral  crico-ary- 
tenoid  muscle ;  C.  a.p.,  posterior  crjco-ary- 
tenoid  muscle  ;  A.r.p,  posterior  arytenoid 
muscle. 


arytenoids,  which  run  upward  and  backward  from  the  antero- 
lateral aspect  of  the  cricoid  to  the  muscular  processes  of  the 
arytenoid  cartilages.  They  pull  the  muscular  processes  forward, 
and  thus  rotate  the  arytenoid  cartilages  so  as  to  approximate  the 
vocal  processes  to  one  another,  while  any  tendency  toward  pull- 
ing apart  the  bodies  of  the  cartilages,  owing  to  the  downward 
direction  of  the  muscle,  is  overcome  by  the  posterior  arytenoid 
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muscle  and  those  muscular  bands  which  pass  from  the  posterior 
surface  of  the  arytenoid  cartilages  to  the  epiglottis  and  the  upper 
part  of  the  thyroid  cartilage,  the  external  thyro-arytenoid,  and 
the  thyro-ary-epiglottic  muscles.  (Henle.)  The  other  fibers, 
which  pass  directly  from  the  arytenoid  to  the  thyroid  cartilages 
— internal  and  external  thyro-arytenoid  muscles — in  the  same 
direction  as  the  vocal  cords,  complete  the  closure  by  helping  to 
press  together  the  vocal  processes  and  by  approximating  the  cords 
themselves.  In  spasmodic  closure  of  the  glottis,  all  these  latter 
muscles  act  violently  together,  and  have  been  grouped  by  Henle 
as  the  constrictor  of  the  glottis. 

Relaxation  of  the  vocal  cords  accompanies  voluntary  closure 
of  the  glottis,  as  in  holding  the  breath,  when  the  false  vocal 
cords  are  said  to  have  a  valvular  action.  The  muscular  fibers, 
which  run  from  the  arytenoid  cartilages  to  the  thyroid,  nearly 
parallel  to  the  true  vocal  cords,  are  those  concerned  in  the  act 
of  relaxation  when  the  cords  are  active.  They  pull  forward  the 
arytenoid  cartilages,  and  at  the  same  time  draw  the  upper  part 
of  the  cricoid  slightly  forward.  These  muscles  have  the  all- 
important  action  of  adapting  the  edges  of  the  cords  and  the 
neighboring  surfaces  to  the  exact  shape  most  advantageous  to 
their  vibration. 

The  tightening  of  the  vocal  cords  is  caused  by  a  single  muscle, 
the  crico-thyroid,  which,  on  the  outer  side  of  the  larynx,  passes 
downward  and  forward  from  the  lower  part  of  the  thyroid  to  the 
anterior  part  of  the  cricoid  cartilage.  It  pulls  the  anterior  part 
of  the  cricoid  cartilage  upward,  causing  it  to  rotate  round  an 
axis  passing  through  its  thyroid  joints.  The  upper  part  of  the 
cricoid,  which  carries  the  arytenoids,  is  moved  backward,  the 
attachments  of  the  vocal  cords  are  separated,  and  these  mem- 
branes are  thus  put  on  the  stretch. 

The  requirements  necessary  for  the  production  of  voice  are 
the  following : — 

I.  Elasticity  of  the  vocal  cords  and  smoothness  of  their 
edges :  freedom  from  all  surface  irregularity,  such  as  would  be 
caused  by  thick  mucus  adhering  to  them,  by  ulceration,  or  by  any 
abnormality. 
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2.  The  cords  must  be  very  accurately  adjusted,  and  closely 
approximated  together,  so  that  they  almost  touch  evenly  through- 
out their  entire  length. 

3.  The  cords  must  be  held  in  a  certain  degree  of  tension,  or 
their  vibration  cannot  produce  any  vocal  tone,  but  only  a  raucous 
noise. 

4.  The  air  must  be  propelled  through  the  glottis  by  a  forced 
expiration.  The  normal  expiratory  current  is  too  gentle  to  give 
the  necessary  vibration.  After  the  operation  of  tracheotomy, 
the  air  escapes  through  the  abnormal  opening,  and  sufficient 
pressure  cannot  be  brought  to  bear  on  the  cords,  so  no  vocal 
sound  can  be  produced,  and  the  person  speaks  in  a  whisper, 
unless  the  exit  of  air  through  the  tracheotomy  tube  is  prevented 
by  placing  the  finger  temporarily  upon  the  opening. 

Properties  of  the  Human  Voice. 
In  the  voice  we  can  recognize  the  properties  noted  in  other 
kinds  of  sound.     These  are  quality,  pitch,  and  intensity. 

1.  The  quality  (p.  630)  of  vocal  sounds  is  almost  endless  in 
variety,  as  is  shown  by  the  vocal  capabilities  of  different  in- 
dividuals. The  quality  of  any  musical  sound  depends  upon 
the  relative  power  of  the  fundamental  tone  and  of  the  overtones 
that  accompany  it.  The  less  the  fundamental  tone  is  disturbed 
by  overtones,  the  clearer  and  better  is  the  voice.  This  differ- 
ence in  quality  of  the  human  voice  depends  upon  the  perfectness 
of  the  elasticity,  the  relation  of  thickness  to  length,  surface 
smoothness,  and  other  physical  conditions  of  the  cords  them- 
selves, and  the  exactitude  with  which  the  muscles  can  adapt 
the  surfaces.  For  singing  well,  much  more  is  necessary  than 
good  quality  of  tone,  which  is  common  enough.  The  muscles 
of  the  larynx,  thorax,  and  mouth  must  all  be  educated  to  an 
extraordinarily  high  degree. 

2.  The  pitch  of  the  notes  produced  in  the  larynx  depends 
upon — first,  the  absolute  length  of  the  vocal  cords.  This  varies 
with  age,  particularly  in  males,  whose  vocal  organs  undergo 
rapid  growth  at  puberty,  when  vocalization  is  uncertain  from 
the  rapid  changes  going  on  in  the  part ;   hence  the  voice  is  said 
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to  crack.  The  vocal  cords  of  women  have  been  found  by 
measurement  to  be  about  one-third  shorter  than  those  of  men, 
and  people  with  tenor  voices  have  shorter  cords  than  basses  or 
baritones.  Secondly,  on  the  tension  of  the  cords :  the  tighter 
the  vocal  cords  are  drawn  by  the  crico-thyroid  muscles,  the 
higher  the  notes  produced ;  and  the  well-known  singer,  Garcia, 
believed  he  observed  with  the  laryngoscope  the  vocal  processes 
so  tightly  pressed  together  as  to  impede  the  vibration  of  the 
posterior  part  of  the  cords,  and  by  this  means  they  could  be 
voluntarily  shortened.  A  certain  degree  of  force  of  blast  is 
required  for  the  higher  notes. 

3.  Intensity  or  loudness  of  the  voice  depends  on  the  strength 
of  the  current  of  air.  The  more  powerful  the  air-blast  the 
greater  the  amplitude  of  the  vibrations,  and  hence  the  greater 
the  sound  produced.  The  narrower  the  chink  of  the  glottis, 
and  the  tighter  the  parallel  cords  are  stretched,  the  less  is  the 
amount  of  air  required  to  set  them  vibrating ;  and  vice  versd, 
the  looser  the  cords  and  the  wider  apart  they  are,  the  greater 
the  volume  and  the  force  of  the  air  current  necessary  for  their 
complete  vibration.  Hence  it  is  that  an  intense  vibration  or 
loud  note  can  be  produced  much  more  easily  with  notes  of  a 
high  pitch  than  with  very  low  notes. 

The  human  voice,  including  every  kind,  extends  over  about 
three  and  a  half  octaves.  Of  this  wide  range  a  single  individual 
can  seldom  sing  more  than  two  octaves;  the  soprano,  alto, 
tenor,  and  bass  forming  a  descending  series,  the  range  of  each 
one  of  which  considerably  overlaps  the  next  in  the  scale. 

During  the  ordinary  vocal  sounds,  the  air,  both  in  the  re- 
sonating tubes  above  the  larynx  and  in  the  windpipe  coming 
from  below,  is  set  vibrating,  so  that  the  trachea  and  bronchi  act 
as  resonators  as  well  as  the  pharynx,  mouth,  etc.  This  may  be 
recognized  by  placing  the  hand  on  the  thorax,  when  a  distinct 
vibration  is  communicated  from  the  chest  wall.  Such  tones  are, 
therefore,  spoken  of  as  chest  notes.  Besides  the  chest  tones  of 
the  ordinary  voice,  we  can  produce  notes  of  a  higher  pitch  and 
a  different  quality,  which  are  called  head  notes,  since  their  pro- 
duction is  not  accompanied  by  any  vibration  of  the  chest  wall. 
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The  physical  contrivance  by  means  of  .which  this  falsetto  voice 
is  brought  about  is  not  very  clearly  made  out.  The  following 
are  the  more  probable  views :  i .  It  has  been  suggested  that 
in  falsetto  only  the  thin  edges  of  the  cords  vibrate,  the  internal 
thyro-arytenoid  muscles  keeping  the  base  of  the  cord  fixed ; 
while  with  chest  tones  a  greater  surface  of  the  cord  is  brought 
into  play.  2.  The  cords  are  said  to  be  wider  apart  in  falsetto 
than  in  chest  notes,  and  hence  the  trachea,  etc.,  ceases  to  act  as 
a  resonator.  3.  Or  the  cords  may  be  arranged  so  that  only 
one  part  of  them,  the  anterior,  can  vibrate,  and  thus  they  act 
as  shortened  cords,  a  "stop  "  being  placed  on  the  point  where 
the  vibrations  cease,  by  the  internal  thyro-arytenoid  muscles. 

The  production  of  a  falsetto  voice  is  distinctly  voluntary,  and 
is  probably  dependent  upon  some  muscular  action  in  immediate 
relation  to  the  cords,  for  it  is  always  associated  with  a  sensation 
of  muscular  exertion  in  the  larynx  as  well  as  with  changes  that 
take  place  in  the  conformation  of  the  mouth  and  other  resonat- 
ing tubes. 

Nervous  Mechanism  of  Voice. 

The  nervous  mechanism  by  means  of  which  vocal  sounds  are 
produced  is  among  the  most  complexly  coordinated  actions 
that  regulate  muscular  movements. 

Like  respiration,  vocalization  at  first  seems  a  simple  volun- 
tary act,  sounds  of  various  kinds  being  produced  at  will  by  the 
individual.  No  doubt  the  respiratory  muscles,  which  work  the 
bellows  of  the  voice  organ,  are  under  the  control  of  the  will  so 
long  as  the  respiration  is  not  interfered  with.  The  mouth  and 
throat  muscles  which  shape  the  resonating  tube  are  also  volun- 
tary. But  the  intrinsic  muscles  of  the  larynx  are  only  volun- 
tary in  a  certain  sense,  while  in  another  they  are  distinctly  in- 
voluntary, as  may  be  seen  in  spasm  of  the  larynx,  which  is 
purely  reflex.  The  vocal  movements  are,  in  part  at  least,  reflex. 
Thus  pitch  is  controlled  by  impulses  which  arise  at  the  organ  of 
hearing  and  pass  to  a  coordinating  center,  which  arranges  the 
finer  muscular  movements  necessary  to  produce  a  certain  note. 
When  we  sing  a  note  struck  on  a  musical  instrument,  we  volun- 
tarily set  the  expiratory,  mouth,  and  special  vocalizing  muscles 
44 
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in  readiness  for  the  proper  application  of  the  air-blast ;  but 
the  exact  tuning  of  the  vocal  cords  is  accomplished,  in  some 
measure  at  least,  reflexly  by  impulses  arriving  from  the  ear  at 
a  special  coordinating  nervous  center,  which  is  in  ordinary 
persons  in  advance  of  the  education  of  the  voluntary  centers. 
In  persons  specially  educated  in  singing  this  coordinating 
center  may  come  under  the  control  of  the  will.  But  persons 
who  can  promptly  sing  a  given  note  without  any  mental  eifort 
would  find  it  difficult  to  overcome  the  accuracy  of  the  reflex 
mechanism  so  as  to  sing  sharp  or  flat.  Or,  as  musicians  say,  an 
untrained  person  with  a  naturally  "good  ear  "  finds  it  difficult, 
intentionally,  to  sing  out  of  tune. 

Though  we  feel  that  we  have  command  over  the  pitch  of 
vocal  tones,  we  owe  our  accuracy  to  our  sound-appreciating 
organs,  which  first  enabled  us  to  have  a  conception  of  the 
qualities  of  sound,  and  thus  led  to  their  vocal  reproduction. 

Speech. 

The  variations  in  vocal  sounds  which  give  rise  to  speech  are 
not  produced  in  the  larynx,  but  in  the  throat,  mouth,  and  nose. 
When  unaccompanied  by  any  vocal  sound,  speech  only  gives  rise 
to  a  whisper ;  but  when  a  vocal  tone  is  at  the  same  time  pro- 
duced, we  have  the  ordinary  loud  speaking.  Since  vocal  tones 
can  only  be  produced  by  expiration,  so  we  can  only  speak  aloud 
by  means  of  an  expiratory  current  of  air ;  but  an  inspiratory 
current  may  be  made  to  give  rise  to  a  kind  of  whisper. 

Speech  is  composed  of  two  kinds  of  sounds,  in  one  of  which 
the  sounds  must  be  accompanied  by  a  vocal  tone,  and  are  hence 
called  "  vowels;  "  in  the  other  no  vocal  tone  is  necessary,  but 
changes  in  shape  take  place  in  the  resonating  chambers,  so  as 
to  give  rise  to  noises  called  consonants.  As  the  pronunciation 
of  the  consonants  is  always  accompanied  by  some  vowel  sound, 
and  as  the  difference  between  the  vowels  is  brought  about  by 
changes  in  the  shape  of  the  mouth,  the  distinction  between  the 
two  sets  of  sounds  is  rather  artificial  than  real. 

The  production  of  the  different  vowel  sounds  depends  upon 
such  a  change  being  brought  about  in  the  shape  of  the  mouth 
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cavity  and  aperture,   that  a  resonator  with  a  different   indi- 
vidual note  is  formed  for  each  particular  vowel. 

The  sounds  called  consonants  are  caused  by  some  check  or 
impediment  being  placed  in  the  course  of  the  blast  of  air 
issuing  from  the  air  passages.  They  may  be  classified,  accord- 
ing to  the  part  at  which  the  obstruction  occurs,  as  follows : — 

1.  Labials,  when  the  narrowing  takes  place  at  the  lips,  as  in 
pronouncing  b,  p,f,  v. 

2.  Dentals,  when  the  tongue  causes  the  obstruction  by  being 
pushed  against  the  hard  palate  or  the  teeth,  as  in  t,  d,  s,  I. 

3.  Gutturals,  when  the  posterior  part  of  the  tongue  moves 
toward  the  soft  palate  or  pharynx,  as  in  saying  k,  g,  gh,  ch,  r. 

Consonants  may  also  be  divided  into  different  groups,  accord- 
ing to  the  kind  of  movements  which  give  rise  to  them. 

1.  Explosives  are  produced  by  the  sudden  removal  of  the 
obstruction,  as  with/,  d,  k. 

2.  Aspirates  are  continuous  sounds  caused  by  the  passage  of 
a  current  of  air  through  a  narrow  opening,  which  may  be  at  the 
lips,  as  in//  at  the  teeth,  as  with  s ;  or  at  the  throat,  as  in  h. 

3.  Resonants  are  the  sounds  requiring  some  resonance  of  the 
vocal  cords,  and  the  air  current  is  suddenly  checked  by  closure 
of  the  lips,  as  in  m,  or  the  dental  aperture,  as  in  n  or  ng. 

4.  Vibratory,  of  which  r  is  the  example,  requires  a  peculiar 
vibration  of  the  vocal  cords,  while  either  the  dental  or  the  gut- 
tural aperture  is  partially  closed. 
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CHAPTER  XXVIL 
GENERAL  PHYSIOLOGY  OF  THE  NERVOUS  SYSTEM. 

Anatomical  Sketch. 

The  nervous  system  includes  the  various  mechanisms  by  which 
the  distant  parts  of  the  body  are  kept  in  communication  one  with 
another.  By  the  nerves  the  condition  of  the  various  parts  of  the 
body  and  their  surroundings  are  made  known  to  a  central  de- 
partment, which  in  turn  regulates  the  activities  of  the  various 
organs. 

It  is  made  up  of  two  varieties  of  tissue,  both  of  which  possess 
special  vital  properties.  The  one,  nerve  fibers ,  composed  of 
thread-like  strands  of  protoplasm,  connects  the  elements  of  the 
other,  nerve  corpuscles,  which  form  the  peripheral  or  central 
terminus  of  the  fibers.  Nerve  fibers  are  simply  special  conduct- 
ing agents,  having  at  one  extremity  a  special  terminal,  or  nerve 
cell,  for  sending  impulses,  and  at  the  other  end  a  nerve  cell  for 
receiving  the  impulses.  These  terminal  organs,  between  which 
the  nerve  fibers  pass,  are  the  agents  which  determine  the  direc- 
tion in  which  the  impulse  is  to  travel  along  the  nerve.  The 
sending  organ  may  be  at  the  peripheral  end  of  the  nerve,  and  the 
receiver  in  the  nerve  centers,  as  in  the  case  of  an  ordinary 
cutaneous  nerve,  which  carries  impulses  from  tht  skin  to  the 
brain ;  or  the  sending  organ  may  be  at  the  center  and  the 
receiving  organ  at  the  periphery,  as  in  the  case  of  nerves  convey- 
ing impulses  from  the  brain  to  the  muscles. 

The  former  kind  of  nerves  are  called  afferent,  carrying  cen- 
tripetal impulses,  and  the  latter  efferent,  carrying  centrifugal 
impulses.  Nerves  are  capable  of  carrying  impulses  in  either 
direction,  as  has  been  proved  by  cutting  the  afferent  lingual  and 
the  efferent  hypoglossal  nerves,  and  causing  the  proximal  end  of 
the  former  to  unite  with  the  distal  end  of  the  latter,  which  is 
distributed  to  the  muscles  of  the  tongue.     When  the  union  has 
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taken  place,  a  stimulus  applied  to  the  upper  part,  which  was  nor- 
mally aflferent,  or  sensory,  carries  motor  impulses  to  the  muscles, 
i.  e.,  acts  as  an  efferent  nerve. 

Protoplasm,  though  not  formed  into  fibers,  can  conduct  impulses, 
as  is  seen  in  the  transmission  of  an  impulse  in  textures  and 
animals  which  seem  to  have  no  special  conducting  elements  or 
nerve  fibers.  Thus  in  the  hydra  all  the  cells  act  as  nerves,  and 
in  the  higher  animals  an  impulse,  producing  a  wave  of  contrac- 
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Fig.  189. 


Highly  Magnified  View  of  Three  Me- 
dullated   and  Two  Non-meduliated 
--   Nerve  Fibers  of  Frog,  stained  with 
osmic  acidi  which  makes  the  medul- 
lary sheath  black. 
N. — Nodes   of    Ranvier — where    the 
^  axis  cylinder  can  be  seen  to  pass  the 
gap  in  the  medullary  sheath. 


Transverse  Section  of  Nerve  Fibers, 
showing  the  axis  cylinders  cut 
across,  and  looking  like  dots  sur- 
rounded by  a  clear  zone,  which  is 
the  medullary  sheath.  Neuroglia 
separates  the  libers  into  bundles. 


tion,  can  pass  from  one  muscle  cell  to  the  other  directly,  as  is 
easily  seen  in  the  ureter,  or  in  the  heart  of  cold-blooded  animals. 
The  only  essential  part  of  a  nervous  conductor  is  a  delicate 
protoplasmic  fibril.  Such  thread-like  fibrils  are  found  in  the 
nerve  centers  and  peripherally,  forming  terminal  networks, 
as  seen  in  the  cornea.  In  the  peripheral  nerves  the  fibrils  are 
clustered  together  in  large  bundles,  so  as  to  make  one  nerve 
fiber,  and  this  bundle  of  protoplasmic  fibrils  is  called  the  axis 
cylinder  of  the  nerve  fiber.     In  some  nerve  fibers  there  is  but 
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one  very  thin  transparent  covering,  termed  iht  primitive  sheath, 
while  in  others  there  is  a  thick  layer  of  doubly-refracting  fluid 
{myelin)  inside  the  primitive  sheath,  in  contact  with  the  fibrils  of 
the  axis  cylinder.  This  is  called  the  medullary  sheath,  or  white 
substance  of  Schwann,  because  its  peculiar  refractive  properties 
make  the  nerve  look  white  when  viewed  by  a  direct  light. 
Nerves  having  this  medullary  sheath  are  termed  "white,"  those 
without  it  "  gray. ' '  The  former  make  up  the  greater  part  of  the 
ordinary  nerves. 

Nerve  fibers  repeatedly  divide  by  branching,  and  the  axis 
cylinders  increase  in  number  and  size  on  the  way  to  their  dis- 
tribution. As  an  extreme  example  of  this  may  be  mentioned 
the  branching  nerves  of  the  electric  organ  of  the  malapterurus, 
where  the  axis  cylinders  increase  by  subdivision  until  their  ag- 
gregate cross-section,  in  the  terminal  branches,' is  32,000  times  as 
great  as  that  of  the  single  axis-cylinder  process  leading  from  the 
one  nerve  cell  that  excites  the  organ. 

Functional  Classification. 
Nerve  fibers  may  be  classified,  according  to  their  function,  in 
the  following  way: — 

I.  Afferent  Nerves,  which  bear  impulses  from  the  surface 
to  the  nervous  centers.     These  may  be  further  divided  into  : — 

(a)  Sensory  nerves,  when  the  impulse  they  convey  gives  rise 
to  a  "  perception."  The  perceptions  may  be  the  special  sensa- 
tions which  are  transmitted  from  the  organs  of  special  sense,  or 
those  of  general  sensation,  giving  rise  to  pleasure  or  pain. 

(/3)  Excito-reflex  nerves  communicate  impulses  to  central 
nerve  elements,  and  give  rise  to  some  action,  without  exciting 
mental  perception.  Such  nerves  regulate  the  viscera.  Accord- 
ing to  the  result  of  the  excitation  arising  from  their  impulse 
they  are  termed  excito-motor,  excito-secretory,  excito-inhibi- 
tory,  etc. 

{y)  Mixed  nerves  act  as  sensory  and  reflex  nerves ;  these  are 
the  most  numerous,  the  sensory  or  reflex  action  depending  upon 
the  condition  of  the  nerve  centers. 
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II.  Efferent  Nerves,  which  carry  impulses  from  the  centers 
to  the  various  organs  throughout  the  body.  According  to  the 
effect  produced  by  their  excitation  they  are  termed  : — 

(a)  Motor,  conveying  impulses  to  muscles  and  exciting  them 
to  contract. 

(/3)  Secretory,  the  sfimulation  of  which  calls  forth  the  activity 
of  a  gland. 

(^)  Inhibitory,  when  they  diminish  or  prevent  some  activity 
by  the  impulses  which  they  carry. 

(5)  Vaso-motor  nerves,  which  regulate  the  contraction  of  the 
muscular  coat  of  the  blood-vessels. 

(e)  Trophic,  thermic,  electric  nerves  are  also  so  named ;  the 
existence  of  the  former  two  is  doubtful,  and  the  latter  are  only 
found  in  the  electric  fishes,  torpedo,  gymnotus,  and  malapterurus , 
which  are  capable  of  emitting  electric  discharges. 

III.  Inter-central  Nerves  act  as  bonds  of  union  between 
the  several  ganglion  cells  of  the  nervous  centers,  which  are 
connected,  in  a  most  elaborate  manner,  one  with  the  other. 
The  terminals  of  these  fibers  are  possibly  both  receiving  and 
directing  agents,  and  the  delicate  strands  of  protoplasm  commu- 
nicating between  them  probably  convey  impulses  in  different 
directions,  but  of  this  we  can  have  no  definite  knowledge, 
although  such  a  supposition  would  aid  us  in  forming  a  mental 
picture  of  the  manner  in  which  the  wonderfully  complete  inter- 
central  communications  are  accomplished. 

Mode  of  Investigation. 

In  order  to  understand  the  functions  of  the  different  nerves 
a  knowledge  of  their  central  connections  and  their  peripheral 
distribution  is  necessary.  But  anatomical  research  unaided  by 
experimental  inquiry  does  not  suffice  to  determine  their  function. 

The  procedure  adopted  in  testing  the  function  of  a  nerve  is 
the  following.  The  nerve  is  exposed  and  cut,  and  it  is  observed 
whether  there  be  any  loss  of  sensation  or  muscular  paralysis  in 
the  part  to  which  it  passes.  The  end  connected  with  the  centers 
is  spoken  of  as  the  central  or  proximal  end,  and  that  leading  to 
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the  distribution  of  the  nerve  is  called  the  peripheral  or  distal 
end.  Each  of  these  cut  ends  is  then  stimulated,  and  the  results 
are  observed.  If  the  nerve  be  purely  motor,  stimulation  of  the 
proximal  end  will  yield  no  result,  but  when  the  distal  end  is  irri- 
tated, movements  follow.  "If,  on  the  other  hand,  it  be  a  sen- 
sory nerve,  stimulation  of  the  distal  end  gives  no  result,  and  that 
of  the  proximal  end  produces  signs  of  pain. 

Chemistry  of  Nerve  Fibers. 
The  axis  cylinder  of  nerves  is  probably  composed,  as  alreajly 
mentioned,  of  protoplasm ;  further  than  that  nothing  is  known 
of  its  chemical  properties.  The  medullary  sheath  yields  certain 
substances  which  are  related  to  the  fats,  and  can  be  extracted 
with  ether  and  chloroform.  Among  these  is  the  peculiar  com- 
pound nitrogenous  fat,  lecithin,  containing  phosphorus,  also 
cholesterin,  etc. 

The  Active  State  of  Nerve  Fibers. 
Nerves  pass  into  a  state  of  activity  in  response  to  a  variety  of 
stimuli,  but  their  active  condition  cannot  be  readily  recognized, 
because  the  only  change  we  can  detect  in  the  nerve  is  that  which 
takes  place  in  its  electric  state^  If  it  be  connected  with  its 
terminals,  we  know  when  a  nerve  is  carrying  an  impulse  from 
the  results  occurring  in  them  on  stimulation.  In  the  case  of  an 
afferent  nerve,  we  get  evidence  of  a  sensation,  and  when  the 
nerve  is  efferent,  for  example,  bearing  impulses  from  the  centers 
to  the  muscles,  we  judge  of  the  state  of  activity  of  the  nerve  by 
the  muscle  contraction.  For  experimental  purposes  we  use  the 
nerve  and  the  muscle  of  a  frog.  This  nerve-muscle  preparation  is 
made  from  the  leg  of  a  frog  :  the  sciatic  nerve  is  carefully  pre- 
pared from  the  thigh  and  abdominal  cavity  without  being 
dragged  or  squeezed,  and  the  gastrocnemius  is  separated  from 
all  its  attachments  except  that  to  the  femur,  about  two-thirds 
of  which  bone  is  left  so  that  the  preparation  may  be  fixed  in  the 
clamp.  In  fact,  the  method  used  for  the  indirect  stimulation  of 
muscle  is  also  employed  for  the  study  of  the  excitability  of 
nerve  fibers. 
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Nerve  Stimuli. 
Besides  the  normal  physiological  impulse  which  comes  from 
the  cells  in  connection  with  the  nerve  fibers,  a  variety  of  stimuli 
may  excite  their  active  state.  These  nerve  stimuli  .dififer  little 
from  those  which  are  found  to  affect  muscle,  when  applied 
directly  to  that  tissue.     They  may  be  enumerated  as  follows  : — 

1.  Mechanical  Stimulation. — Almost  any  mechanical  impulse 
applied  to  any  part  of  a  nerve  causes  its  excitation.  The 
stimulus  must  have  a  certain  degree  of  intensity  and  a  certain, 
though  short,  duration.  If  mechanical  stimuli  be  frequently 
applied  to  a  nerve  in  the  same  place,  the  irritability  of  the 
part  is  soon  destroyed;  but  if  fresh  parts  of  the  nerve  be 
stimulated  at  each  application  the  nerve  passes  into  a  state  of 
tetanus,  as  shown  by  the  contraction  of  the  muscle  to  which  it 
is  supplied. 

2.  Chemical  Stimulation. — Loss  of  water  by  the  tissue  of  the 
nerve,  whether  this  be  caused  by  ordinary  evaporation,  or 
facilitated  with  blotting  paper,  exposure  over  sulphuric  acid, 
or  the  addition  of  the  solutions  of  high  density,  such  as  syrup, 
glycerin,  or  strong  salt  solution.  The  application  of  strong 
metallic  salts  or  acids ;  or  alcohol  or  ether,  also  a  solution  of 
bile,  irritates  nerves ;  weak  alkalies,  except  ammonia,  which  has 
no  effect  on  nerve,  although  it  acts  on  muscle  when  applied 
directly  to  that  tissue. 

3.  Thermic  Stimulation  occurs  when  sudden  changes  are 
brought  about  approaching  either  of  the  extreme  temperatures 
at  which  the  nerve  can  act ;  i.  e.,  near  5"  or  50°  C. 

4.  Electric  Stimulation  is  by  far  the  most  important  for 
physiologists,  being  the  most  easily  applied  ^nd  regulated,  and 
the  least  injurious  to  the  nerve  tissue.  As  was  mentioned  with 
respect  to  muscle,  a  sufficiently  rapid  change  of  intensity  in  an 
electric  current  passing  through  a  nerve  causes  excitation.  The 
less  the  absolute  intensity  of  the  current,  the  greater  the  effect 
caused  by  any  given  change  in  intensity.  The  muscle  of  a 
nerve-muscle  preparation  contracts,  when  a  weak  constant  cur- 
rent, say  from  a  single  small  Daniell  cell,  is  suddenly  allowed 

45 


528  MANUAL  OF   PHYSIOLOGY. 

to  pass  through  the  nerve.  This  is  done  by  placing  a  part  of 
the  nerve  in  the  circuit,  which  is  made  complete  by  closing  a 
key  when  the  stimulation  is  to  be  applied.  This  form  of  stimu- 
lation is  called  a  making  shock.  While  the  current  is  allowed  to 
pass  through  the  nerve  little  or  no  effect  is  produced  if  the 
battery  be  quite  constant.  On  breaking  the  circuit  by  opening 
the  key  the  current  suddenly  ceases  and  another  contraction 
occurs ;  this  is  called  the  breaking  shock.  At  each  making  and 
breaking  of  the  constant  current,  the  nerve  is  excited.  A  weaker 
current  suffices  to  bring  about  a  contraction  when  applied  to  the 
nerve  than  when  applied  directly  to  the  muscle. 

If  a  strong  constant  current  be  allowed  to  pass  through  a 
considerable  length  of  a  nerve  for  some  little  time,  and  the 
circuit  be  then  suddenly  broken,  instead  of  a  single  contraction 
tetanus  of  the  muscle  results.  This  breaking  tetanus  (Ritter's 
tetanus)  is  easily  produced  when  the  positive  pole  or  anode  is 
next  the  muscle.  Sometimes  in  particular  conditions  of  the 
nerve,  and  with  certain  strengths  of  stimulation,  a  making  tetanus 
also  occurs,  but  more  rarely  and  only  when  the  negative  pole  is 
next  the  muscle. 

If  a  long  piece  of  nerve  lie  between  the  electrode,  it  is  not 
excited  throughout  its  entire  length,  but  one  single  point  is 
stimulated,  whence  the  impulse  spreads.  This  point  may  be  at 
either  of  the  poles  in  contact  with  the  nerve,  according  as  the 
circuit  is  made  or  broken.  With  a  making  shock  the  stimulation 
takes  place  at  the  negative  pole  or  cathode,  and  with  a  breaking 
shock  at  the  positive  pole  or  anode.  That  is  to  say,  the  point 
where  the  current  leaves  the  nerve  is  affected  at  the  make,  and 
the  point  where  the  current  enters  the  nerve  is  affected  at  the 
break  of  the  current. 

It  has  been  found  that,  other  things  being  equal,  with  a  con- 
tinuous current  the  making  shock  is  a  more  powerful  stimulus 
than  the  breaking  shock  :  i.  e. ,  a  weak  current  will  sooner  cause 
a  contraction  when  the  circuit  is  made  than  when  it  is  broken. 

This  fact,  that  the  impulse  starts  from  the  anode  in  a  breaking 
shock,  is  proved  by  means  of  the  breaking  tetanus  just  alluded 
to.     It  has  been  found  that  when  the  anode  is  next  to  the  muscle 
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the  breaking  tetanus  is  more  marked  and  lasts  longer  than  when 
the  anode  is  further  from  the  muscle  than  the  cathode.  When 
the  cathode  is  nearer  to  the  muscle  than  the  anode,  section  of 
the  nerve  between  these  points  during  stimulation  stops  the  con- 
traction at  once,  and  no  breaking  tetanus  occurs,  because  the 
point  from  which  the  stimulus  comes  is  cut  oflf  from  the  muscle. 
Section  of  the  intrapolar  region  has  no  effect  if  the  anode  be 
next  the  muscle,  and  the  tetanus  proceeds  in  a  normal  way, 
because  the  active  pole  remains  in  continuity  with  the  muscle. 
That  the  stimulus  occurs  at  the  cathode  in  making  a  current  may 
be  demonstrated  by  the  fact  that  it  takes  a  certain  measurable 
time  for  the  impulse  to  travel  along  the  nerve.  If  the  cathode 
be  placed  as  far  as  possible  from  the  muscle  and  the  anode  quite 
near  it,  the  contraction  after  a  breaking  shock,  when  the  stimu- 
lus starts  from  the  anode,  will  occur  sooner  than  that  which  follows 
the  making  shock,  when  the  stimulus  starts  from  the  cathode, 
because  the  impulse  has  a  less  distance  of  nerve  to  traverse  in 
the  former  case.  These  time  differences  are  found  in  the  latest 
period  of  the  recorded  contraction. 

In  some  experiments  on  nerve,  a  constant  current,  i.  e.,  one 
coming  directly  from  a  battery,  is  not  used,  because  there  is  no 
ready  means  of  regulating  or  varying  the  strength  of  the  stimu- 
lation. The  instantaneous  current  induced  in  one  coil  of  wire — 
the  secondary  coil — by  the  making  or  breaking  of  a  current  pass- 
ing through  another  coil — the  primary  coil— is  more  effective  and 
suitable  as  an  ordinary  stimulus.  It  must  be  remembered  that 
the  induced  current  usually  consists  of  a  rapidly  diminishing 
series  of  oscillations — makes  and  breaks — but  the  duration  of 
the  series  is  so  short  {circa,  .0004")  that  it  only  acts  as  a  single 
stimulus.  As  there  is  no  current  in  the  secondary  coil,  while  a 
constant  current  is  kept  passing  through  the  primary,  of  course 
the  induced  current  cannot  be  used  for  experiments  relating  to 
the  making  and  breaking  shocks.  The  strength  of  the  induced 
current  being  (in  some  positions  of  the  coils)  approximately  in 
inverse  proportion  to  the  square  of  the  distance  between  the  two 
coils — moving  the  secondary  away  from  the  primary  coil  gives  a 
ready  means  of  varying  and  regulating  the  strength  of  the  stimu- 
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lus,  without  any  special  care  being  devoted  to  the  exact  strength 
of  the  element  used. 

Du  Bois-Reymond's  Inductorium  is  the  instrument  commonly 
used  in  physiological  laboratories.  A  drawing  and  further 
description  of  the  instrument  will  be  found  at  p.  482. 

Velocity  of  Nerve-Force. 

Nerve  impulses  travel  at  a  rate  of  about  30  meters  per  second. 

When  vfe  reflect  that  the  passage  of  an  impulse  along  a  nerve 
is  brought  about  by  a  molecular  change  in  the  axis  cylinder,  we 
are  struck  with  the  rapidity  with  which  impressions  are  trans- 
mitted from  one  part  of  the  body  to  another.  This  velocity  is 
only  relatively  great.  When  we  compare  it  with  the  velocity  ot 
,  the  electric  current  or  of  light,  we  see  how  incomparably  slower 
the  nerve  impulse  moves.  It  may  be  compared  with  rates  ol 
motion  commonly  under  our  observation.  To  take  every-day 
examples: — viz.,  nine  meters  per  second  is  about  the  rate  at 
which  a  quick  runner  can  accomplish  his  100  yards  ;  race-horses 
can  gallop  about  15  meters  a  second  for  a  mile  or  so;  a  mail 
train  at  full  speed  travels  at  about  30  meters  a  second,  and  the 
velocity  of  nerve  force  has  been  estimated  to  be  in  cold-blooded 
animals  27  meters  per  second,  and  in  man  about  33  meters  per 
second.  So  that  the  intercommunications  between  man's  brain 
and  the  various  parts  of  his  body  only  travel  about  the  same  rate 
as  an  express  train,  and  about  twice  as  fast  as  the  quickest  horse 
can  gallop. 

Different  methods  may  be  employed  for  the  measurement  of 
the  rate  of  transmission  of  nerve  force.  The  simplest  is  the 
graphic  method,  with  a  myograph,  as  described  p.  489,  to  make 
a  muscle  draw  two  curves  one  over  the  other,  in  one  of  which 
the  stimulation  is  applied  to  the  nerve  close  to  the  muscle,  and 
in  the  other  as  far  as  possible  away  from  it.  The  difference  in 
duration  of  the  latent  period  in  the  two  curves,  shown  by  the 
tuning-fork  tracing,  corresponds  to  the  time  taken  by  the  impulse 
to  travel  along  the  part  of  the  nerves  between  the  two  points  ot 
stimulation,  the  length  of  which  can  be  directly  measured ;  and 
hence  the  velocity  of  the  impulse  estimated. 
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Utilizing  the  fact  that  the  extent  of  deflection  of  the  needle 
of  a  galvanometer  is  in  proportion  to  the  duration  of  a  current 
of  known  strength  passing  through  it  for  a  short  time,  an  accu- 
rate measurement  of  the  difference  in  time  of  remote  and  near 
stimulation  of  a  nerve  may  be  made.  By  a  special  mechanism 
the  time-measuring  current  is  sent  through  the  galvanometer  at 
the  same  moment  that  the  stimulating  current  goes  through  the 
nerve,  and  the  instant  the  muscle  begins  to  contract  it  breaks 
the  current  passing  through  the  galvanometer,  so  that  this  time- 
measuring  current  lasts  only  from  the  moment  when  the  nerve 
is  stimulated  until  the  muscle  begins  to  contract. 

Electric  Properties  of  Nerves. 

Like  muscles,  nerves  may  be  regarded  as  having  a  state  of 
rest  and  a  state  of  activity,  but  the  two  states  are  not  obvious 
in  the  same  striking  way  as  they  are  in  muscle,  nor  do  we  know 
much  of  the  physical  properties  of  nerve.  While  at  rest,  how- 
ever, it  shows  electric  phenomena  similar  to  those  which  have 
already  been  described  as  belonging  to  muscle  tissue.  These 
electrical  currents  are  contemporaneous  with  the  life  of  the 
nerve,  and  they  undergo  the  same  variation  as  occurs  in  muscle 
when  the  nerve  passes  into  the  active  state;  that  is,  when  it 
transmits  an  impulse. 

The  so-called  natural  current  of  nerve  is  practically  the  same 
as  that  of  muscle,  passing  in  the  nerve  to  the  central  part  from 
the  cut  extremities  of  the  fiber ;  that  is  to  say,  the  current  passes 
through  the  galvanometer  from  the  electrode  leading  from  the 
middle  of  the  nerve  to  that  applied  to  the  extremity.  The  electro- 
motive force  of  a  small  nerve  is  much  less  than  that  of  a  muscle. 
In  a  frog's  sciatic  it  has  been  estimated  to  be  0.02  of  a  Daniell 
cell.  The  natural  current  of  the  frog's  nerve  is  said  to  increase 
in  intensity  in  proportion  to  the  increase  in  temperature  up  to 
about  20"  C,  after  which  it  decreases. 

Experiments  on  nerve  currents  must  be  carried  on  with  all  the 
precautions  mentioned  in  speaking  of  muscle  currents,  and  with 
the  non-polarizable  electrodes  there  figured  (page  477). 

Negative  Variation. — The  natural  current  of  a  nerve,  like  that 
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of  muscle,  undergoes  a  diminution  at  the  moment  the  nerve  is 
stimulated ;  this  is  termed  the  negative  variation.  It  occurs 
with  any  form  of  stimulation,  so  it  cannot  be  dependent  on  an 
escape  of  the  stimulating  current.  In  the  case  of  a  single  stim- 
ulation, the  negative  variation  is  so  rapidly  over — lasting  only 
.0005  second  that  the  inertia  of  the  needle  of  most  galvanometers 
prevents  the  change  in  the  current  being  indicated.  In  tetanus, 
however,  it  makes  a  decided  impression  on  the  galvanometric 
needle. 

The  electric  change  occurring  in  a  nerve  can  be  demonstrated 
without  a  galvanometer  by  a  simple  experiment  known  as  the 
"paradoxical  contraction"  of  the  frog's  gastrocnemius  muscle. 
If  the  division  of  the  sciatic  nerve  that  does  not  supply  the  gas- 
trocnemius be  separated  from  its  peripheral  attachments  (care  be- 
ing taken  not  to  injure  its  union  to  the  parent  trunk)  and  a  single 
induction  shock  be  passed  through  it,  near  its  distal  end,  a  vari- 
ation in  its  electric  condition  passes  up  the  nerve  and  acts  as  a 
stimulus  to  the  trunk,  exciting  the  gastrocnemius  to  contract 
through  the  medium  of  the  other  branch  of  the  nerve. 

The  strength  of  the  negative  variation  depends  on  the  condi- 
tion of  the  nerve  and  the  strength  of  the  stimulus,  being 
stronger  when  the  nerve  is  fresh  and  irritable  and  has  a  good 
natural  current,  and  when  a  strong  stimulus  is  applied. 

The  negative  variation  of  the  natural  currents  passes  along 
the  nerve  from  the  point  of  stimulation  in  both  directions, 
just  as  the  nerve  impulse ;  and  with  a  galvanometer  the  electric 
change  may  be  traced  from  the  nerve  to  the  muscle.  It  has  also 
been  shown  that  the  negative  variation  travels  along  the  nerve 
at  the  same  velocity  as  the  impulse;  namely,  about  27  meters 
per  second.  The  velocity  is  influenced  by  certain  conditions  (to 
be  presently  described)  which  alter  the  rate  of  the  impulse.: 
These  points  seem  to  lead  to  the  belief  that  the  nerve  impulse 
and  the  negative  variation  are  closely  related.  Both  the  electric 
change  and  the  impulse  pass  along  the  nerve  as  a  wave,  the  speed 
of  which  is  27  meters  per  second  and  its  duration  .0005  of  a 
second  respectively ;  the  length  of  the  wave  is  therefore  about 
18  millimeters. 
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The  velocity  of  nerve  impulse  is  increased  by  a  rise  of  tem- 
perature and  decreased  by  a  fall.  Cold  thus  distinctly  lessens 
the  conductivity  of  nerve. 

ELECTROTONUS. 

If  one  of  the  wires  leading  to  a  galvanometer  be  applied  to 
the  center,  and  the  other  to  the  end  of  a  nerve,  so  as  to  show 
the  effect  of  the  natural  current,  and  at  the  same  time  another 

Fig.  igo. 


Diagram  to  Illustrate  Electrotonus. 
N  n',  portion  of  nerve ;    G  G',  galvanometers ;    Dj  battery  from  which  polarizing  current 
can  be  sent  in  to  nerve  by  closing  key,  k.    The  direction  of  the  polarizing  and  electro- 
tonic  currents  is  indicated  by  the  arrows,  and  is  seen  to  be  the  same. 

part  of  the  nerve  be  placed  in  the  circuit  of  a  constant  current 
from  a  battery,  when  the  circuit  of  the  constant  (now  called 
polarizing)  current  is  completed  a  change  is  found  to  take 
place  in  the  natural  current.  This  is  called  electrotonus. 
Instead  of  the  natural  currents  from  the  center  to  the  end  of 
the  nerve,  a  current  is  found  to  pass  through  the  entire  length 
of  the  nerve  in  the  same  direction  as  the  polarizing  current 
from  the  battery.  This  electrotonic  current  is  not  proportional 
to  the  strength  of  the  natural  currents,  and  is  to  be  recognized 
when  the  latter  are  no  longer  to  be  found.  It  is  stronger  with 
a  strong  polarizing  current,  and  is  most  marked  in  the  immediate 
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neighborhood  of  the  poles,  fading  gradually  away  as  one  passes 
to  the  remoter  parts  of  the  nerve.  The  electrotonic  state  is  not 
to  be  attributed  to  an  escape  of  the  constant  polarizing  current, 
becauses  it  decreases  gradually  with  the  waning  of  the  physio- 
logical activity  of  the  nerve  and  ceases  at  the  death  of  the 
nerve,  while  the  tissue  retains  its  power  of  conducting  electric 
currents.  It  has  been  shown  that  a  ligature  applied  to  the  nerve 
so  as  to  destroy  its  physiological  continuity,  but  not  its  power 
of  carrying  electric  currents,  prevents  the  passage  of  the  elec- 
trotonic current  to  the  part  of  the  nerve  which  is  thus  separated. 
The  condition  of  the  portion  of  the  nerve  near  the  anode  is 
found  to  differ  somewhat  from  that  near  the  cathode,  and  hence 
it  is  found  convenient  to  speak  of  the  region  of  the  anode  being 
in  the  anelectrotonic,  and  that  of  the  cathode  being  in  the  cate- 
lectrotonic  condition.  A  certain  time  appears  to  be  required  for 
the  production  of  electrotonus ;  with  a  current  of  less  duration 
than  .0015  of  a  second  we  are  unable  to  detect  the  electrotonic 
state.  The  negative  variation  must,  therefore,  have  passed  away 
before  the  electrotonus  has  commenced. 

Excitability  and  Conductivity  of  Nerve  Fibers. 
The  excitability  of  nerves  and  their  power   of  conducting 
impulses  varies  according   to   certain   conditions  and  circum- 
stances.    While  uninjured  in  the  body,  the  excitability  of  a 
nerve  depends  upon — 

1.  A  supply  of  blood  sufficient  to  provide  nutriment,  and  to 
carry  off  any  injurious  effete  matters  that  may  be  produced  by 
its  molecular  changes. 

2.  A  suitable  amount  of  rest.  Prolonged  activity  causes 
fatigue  and  loss  of  excitability. 

3.  Uninjured  connection  with  the  nerve  centers.  When  a 
nerve  is  cut,  the  part  connected  with  the  periphery  rapidly 
undergoes  degenerative  changes,  which  seem  to  depend  upon 
faulty  nutrition,  since  they  are  accompanied  by  structural 
changes — fatty  degeneration.  This  appears  to  commence  in  a 
very  short  time  after  the  section — often  in  about  three  to  five 
days.     The  part  of  the  nerve  remaining  in  direct  connection 
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with  the  cord  retains  its  excitability  for  a  very  much  longer 
time. 

In  the  artificial  stimulation,  by  means  of  electric  shocks 
applied  to  the  nerve  of  a  cold-blooded  animal,  there  are  many 
minor  conditions  which  have  considerable  influence  on  the 
excitability,  as  evidenced  by  the  response  given  by  the  attached 
muscle  to  weak  stimuli.     The  more  important  of  these  are  : — 

1.  Temperature  changes.  In  the  case  of  a  frog's  nerve,  arise 
of  temperature  to  32°  C.  causes  an  increase  in  its  excitability. 
Probably  this  increased  excitability  is  only  to  be  taken  as  a  sign 
of  approaching  death.  A  fall  of  temperature  tends  to  make  the 
nerve  more  easily  excited.  A  nerve  kept  for  some  time  at  about 
3°  C.  becomes  highly  irritable. 

The  variations  in  excitability  following  changes  in  tempera- 
ture seem  to  depend  on  a  change  in  the  power  of  conducting  the 
currents,  as  shown  by  the  different  results  in  short  and  long  electric 
stimulation. 

2.  The  part  of  the  nerve  stimulated  is  also  said  to  have  some 
effect  on  the  result  of  a  given  strength  of  stimulus.  The  further 
from  the  muscle,  other  things  being  equal,  the  more  powerful  the 
contraction  produced.  So  that  the  impulse  is  supposed  to 
gather  force  as  it  goes,  as  in  the  case  of  a  falling  body,  and  hence 
has  been  spoken  of  as  the  avalanche  action  of  nerve  impulse. 

3.  A  new  section  of  a  nerve  is  said  to  increase  its  excitability, 
as,  indeed,  any  slightly  injurious  influence,  such  as  drying, 
chemical  or  mechanical  meddling,  etc.  This  increase  in 
excitability  depends  upon  injurious  changes  going  on  in  the 
nerve,  as  these  influences  are  followed  by  complete  loss  of  ex- 
citability, which  takes  the  same  course  down  the  nerve  (Ritter- 
Valli  law).  The  increase  of  excitability  spreads  from  the  point 
of  section  down  the  nerve. 

4.  The  Electrotonic  State. — The  most  remarkable  changes  in 
the  excitability  of  a  nerve  are  those  brought  about  by  the 
action  of  a  constant  current  passing  through  the  nerve,  so  as  to 
set  up  the  conditions  just  described  as  anelectrotonus  and  catelec- 
irotonus.  ■ 

The  excitability  of  the  nerve  is  increased  in  the  region  near 
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the  cathode,  and   is  diminished   in  the   neighborhood  of   the 
anode. 

The  increase  of  excitability  is  in  proportion  to  the  intensity 
of  the  catelectrotonic,  and  the  decrease  in  proportion  to  the 
intensity  of  the  anelectrotonic  state.  Thus  the  increase  is  most 
marked  in  the  immediate  neighborhood  of  the  cathode,  and 
fades  with  the  distance  from  the  negative  pole  ;  and,  similarly, 
the  decrease  is  strongest  at  the  anode,  and  becomes  less  and  less 
as  it  passes  away  from  the  positive  pole.  In  the  same  way,  in  the 
part  of  the  nerve  between  the  two  poles — the  intrapolar  region — 
the  decrease  and  increase  of  excitability  become  less  marked 
toward  the  middle  point  between  the  cathode  and  the  anode,  so 

Fig.  191. 


Diagram  Illustrating  the  Variations  of  Irritability  of  Different  Parts  of  a  Nerve  During  the 
Passage  of  Polarizing  Currents  of  Varying  Strength  Through  a  Portion  of  It. 

A  ^  Anode;  b^ Cathode;  ab=  Intrapolar  district ;  j*^  =  Effect  of  weak  current.  jj/S^ 
Effect  of  medium  current     y^  =  Effect  of  strong  current. 

The  degree  of  change  effected  in  the  irritability  of  the  part  is  estimated  by  the  distance  of  the 
curves  from  the  straight  line.  The  part  of  curve  below  the  line  corresponds  to  decrease, 
that  above  to  increase  of  irritability.  Where  the  curves  cross  the  line  is  called  the  in- 
different point.  With  strong  currents  this  approaches  the  cathode,  {From  Foster,  after 
PfiUger.) 


that  here  we  find  an  unaffected  part,  which  has  been  called  the 
indifferent  point. 

It  is  a  remarkable  fact  that  this  indifferent  point  is  not  always 
midway  between  the  two  poles,  but  decreases  its  distance  from 
the  cathode  in  proportion  as  the  polarizing  current  is  made 
stronger.  That  is  to  say,  with  strong  polarizing  currents  the  in- 
different point  is  near  the  cathode  (B)  ;  with  weak  currents  it 
lies  near  the  anode  (A).     (Fig.  191.) 

Besides  becoming  less  irritable  in  proportion  as  the  polarizing 
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current  becomes  more  powerful,  the  anelectrotonic  region  of  the 
nerve  loses  its  ability  to  conduct  impulses,  and  may  finally,  with 
a  very  strong  current,  even  when  applied  for  a  short  time,  become 
quite  incapable  of  conducting  an  impulse. 

If  the  polarizing  current  be  now  opened,  so  as  to  stop  its 
passage  through  the  nerve,  and  remove  the  anelectrotonic  and 
the  catelectrotonic  states,  a  kind  of  rebound  occurs  in  the  con- 
dition of  both  the  altered  regions,  and  the  part  which  has  just 
ceased  to  be  catelectrotonic,  and  was,  therefore,  over-irritable, 
becomes,  by  a  kind  of  negative  modification,  very  much  lowered 
in  its  excitability ;  while,  on  the  other  hand,  the  anelectrotonic 
part,  by  a  positive  rebound,  becomes  more  excitable  than  in  its 
normal  state.  The  rebound  over  the  line  of  normal  excitability 
lasts  a  very  short  time ;  but,  as  we  shall  see  presently,  it  is  of 
greater  duration  than  the  passage  of  the  negative  variation 
along  the  nerve. 

Fig.  192. 


Diagram  to  Show  the  Meaning  of  the  Terms  Ascending  and  Descending  Currents,  used 
in  speaking  of  the  law  of  contraction.  The  end  of  the  vertebral  column,  sciatic 
nerves,  and  calf  muscles  of  a  frog  are  shown. 

The  arrows  indicate  the  direction  of  the  ascending  current,  a,  on  the  left,  and  the  descend- 
ing current,  D,  on  the  right,  according  as  the  positive  pole  of  the  battery,  c,  is  below  or 
above. 
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The  Law  of  Contraction. 

Upon  the  foregoing  facts,  and  others  already  mentioned — 
viz.,  that  on  breaking  the  current  the  stimulation  occurs  at  the 
anode,  on  making  at  the  cathode — depends  the  law  of  contrac- 
tion, which  would  be  diflScult  to  understand  without  bearing  in 
mind  all  these  interesting  points. 

It  was  found  that,  with  the  same  strength  of  stimulation,  not 
only  were  different  degrees  of  contraction  produced  with  mak- 
ing and  breaking  shocks,  but  also  that,  other  things  being 
similar,  a  different  result  followed  when  the  current  was  sent 
through  the  nerve  in  an  upward  direction  {i.e.,  from  the  muscle), 
and  when  it  was  sent  in  a  downward  direction  {i.e.,  toward  the 
muscle).  The  stimulating  current  is  spoken  of,  in  the  former 
case,  as  an  ascending  current,  and  in  the  latter  as  a  descending 
current.     (Fig.  192.) 

The  following  is  a  tabular  view  of  the  law  of  contraction  : — 


Weak  Stimulation, 
Medium       " 
Strong  " 


Ascending  Currents. 


Make  =  Contraction. 
Break  =  No  response. 


Make  =  Contraction. 
Break  =  Contraction. 


Make  ^  No  response. 
Break  =-  Contraction. 


Descending  Currents. 


Make  ^  Contraction. 
Break  =  No  response. 


Make  =  Contraction. 
Break  ^-  Contraction. 


Make  =  Contraction. 
Break  ^=  No  response. 


To   explain  this  law  the  following  points  must  be  kept  in 
view  : — 

1.  In  a  breaking  shock,  it  is  the  disappearance  of  anelectro- 

tonus  which  causes  the  stimulation  to  start  from  the  anode. 

2.  In  a  making  shock  it  is  the  appearance  of  catelectrotonus 

which  causes  the  stimulation  to  start  from  the  cathode. 

3.  With  the  same  current  the  make  is  more  powerful  than  the 

break. 

4.  Anelectrotonus  causes  reduction  of  irritability  and  of  con- 

ductivity of  the  nerve. 
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5.  Catelectrotonus  causes  increase  of  irritability  and  of  con- 

ductivity of  the  nerve. 

6.  With  ascending  currents  the  part  of  the  nerve  next  the 

muscle  is  in  a  state  of  reduced  functional  activity  (anelec- 
trotonus). 

7.  With  descending  currents  the  part  of  the  nerve  next  the 

muscle  is  in  a  state  of  exalted  activity  (catelectrotonus). 

8.  The   reduction  or  exaltation  of  activity  is  much  greater 

with  strong  currents. 

That  only  making  shocks  cause  contraction  with  very  weak 
currents,  simply  depends  on  the  greater  efficacy  of  the  entrance 
of  catelectrotonus  into  the  nerve,  which  causes  the  making 
stimulation. 

That  contraction  follows  in  all  four  cases  (make  and  break, 
ascending  and  descending),  with  medium  stimulation,  is  ex- 
plained by  assuming  that  the  depression  of  the  functional 
activity  of  the  nerve  is  not  sufficient  to  aifect  its  conductivity. 

The  want  of  response  to  a  making  shock,  in  the  case  of  the 
strong  ascending  current,  depends  upon  the  fact  that  the  part 
of  the  nerve  near  the  muscle,  around  the  anode,  is  in  a  state  of 
lowered  activity,  and  is,  therefore,  unable  to  conduct  the 
impulse  which  has  to  pass  through  this  region  from  the  cathode, 
where  the  stimulation  takes  place,  in  order  to  reach  the 
muscle. 

The  absence  of  contraction  at  the  breaking  of  a  strong 
descending  current  is  caused  by  the  same  lowering  of  the 
conductivity  of  the  nerve  between  the  point  of  stimulation  and 
the  muscle,  because  at  the  cessation  of  strong  catelectrotonus 
the  region  near  the  cathode  rebounds  from  exalted  to  depressed 
activity,  and  at  the  moment  of  stimulation  the  greater  part  of 
the  intrapolar  region  is  anelectrotonic. 

Nerve  Corpuscles  or  Terminals. 

These  are  the  active  agents  in  nervous  operations,  while  the 

fibers  are    merely   their    means    of   communicating  with   one 

another.     One  set  of  terminals  is  placed  on  the  surface  of  the 

body  and  is  adapted  to  the   reception  of  the  various  external 
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influences  which  are  brought  "to  bear  on  it  from  without  by  its 
surroundings.  These  receivers  of  extrinsic  stimuli  are  neces- 
sarily much  varied,  so  as  to  be  capable  of  appreciating  all  the 
different  kinds  of  stimulation  presented  to  them.  They  are 
either  distributed  over  the  entire  surface  so  as  to  meet  with 
general  mechanical  and  thermic  changes,  or  they  are  further 
specialized  for  the  reception  of  luminous,  sonorous,  odorous, 
or  gustatory  impulses.  In  the  latter  cases  the  special  termi- 
nals are  collected  into  one  part,  and  form  complex  organs, 
which  will  be  described  presently  in  the  chapters  on  the  special 
senses. 

Another  set  of  terminals  is  placed  in  the  deeper  textures, 
where  they  act  as  local  distributing  agents,  such  as  the  nerve 
plates  on  skeletal  muscles,  and  the  ganglionic  networks  in  the 
wall  of  the  intestine.  In  many  instances,  however,  the  exact 
mode  of  connection  between  the  nerve  and  the  protoplasm  of 
the  tissue  elements  to  which  it  bears  impulses,  has  not  been 
satisfactorily  made  out.  In  the  remaining  class  of  nerve 
terminals  the  cells  are  grouped  together  so  as  to  form  larger  and 
smaller  colonies,  and  more  definitely  deserve  the  name  of  nerve 
or  ganglion  cells.  These  are  the  central  terminals,  and  are 
placed  either  in  the  cerebro-spinal  axis  or  in  swellings  of  the 
nerves  called  sporadic  ganglia. 

Of  these  nerve  cells  there  are  many  varieties,  all  of  which 
have  the  following  characteristics.  The  cells  are  of  considerable 
size  and  have  processes  branching  off  from  them,  by  means  of 
which  they  communicate  with  the  nerve  fibers.  These  processes 
may  be  single  or  many,  hence  they  are  spoken  of  as  uni-,  bi-,  or 
multi-polar  cells,  etc.  The  nucleus  is  commonly  very  distinct, 
and  contains  a  well-marked  nucleolus.  The  abundant  proto- 
plasm, which  is  usually  contained  in  a  delicate  cell  wall,  is  in 
direct  connection  with  the  axis  cylinder  of  the  nerve  fibers,  with 
which  it  communicates  by  means  of  thin  strands  of  protoplasm 
that  pass  out  from  the  cell  by  the  processes.  A  delicate  striation 
of  the  protoplasm  may  sometimes  be  recognized,  indicating  the 
course  of  the  nerve  fibrils  as  they  run  into  the  cells  from  the 
processes. 
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The  Functions  of  Nerve  Cells. 

Any  mass  of  living  protoplasm,  such  as  an  ameba,  can 
receive  extrinsic  stimuli,  which  affect  directly  its  conditions,  and 
though  the  impression  may  be  very  localized  in  its  application,  yet 
all  parts  of  the  cell  participate  in  the  sensation,  and  probably 
take  part  in  the  resulting  movement. 

Besides  those  acts  of  which  we  can  recognize  the  cause,  many 
others  occur  in  ameba  which  we  are  not  able  to  trace  to  any 
definite  cause  other  than  the  energies  derived  from  its  special 
powers  of  assimilation.  We  say  that  not  only  can  an  ameba 
feel  local  stimulation,  transmit  the  impulse  to  remoter  parts  of 
its  body,  and  respond  by  movement  to  the  stimulus,  but  it  can 
also  initiate  impulses  which  appear  as  motions,  etc.,  as  the 
result  of  intrinsic  processes  of  a  chemical  nature.  We  may 
conclude  from  this  fact  alone  that  automatic  action  is  one  of 
the  properties  of  protoplasm  derived  from  its  proper  chemical 
activities. 

In  the  nerve  centers  of  all  the  more  complex  animals  we  find 
that  each  of  these  kinds  of  action  is  distributed  to  different 
varieties  of  cells,  and  thus  an  important  division  of  labor  takes 
place.  The  first  act  is  performed  by  a  wonderfully  elaborate 
set  of  special  organs  adapted  to  the  reception  of  the  various 
intrinsic  impulses  or  sensations  from  without.  The  excitation  is 
then  sent  by  nerve  fibers  to  another  group  of  central  nerve  cells, 
which  are  apparently  employed  solely  in  receiving  the  stimuli 
from  the  peripheral  organs,  and  then  distributing  the  impulses  to 
their  neighbors,  which  can  direct,  modify,  analyze,  classify,  re- 
distribute, or  check  the  impulses,  so  that  the  higher  nerve  cells 
may  have  less  work,  and  at  the  same  time  lose  none  of  the 
advantage  that  is  to  be  gained  from  the  income  derived  from 
stimulus  coming  from  without.  Connected  with  tfce  last  group 
is  another,  the  nerve  cells  which  lie  out  of  the  reach  of  the 
ordinary  peripheral  impulses,  but  are  capable  of  developing 
within  themselves  energies,  and  can  initiate  impulses  with  no 
other  aid  than  that  of  their  nutrition  and  the  chemical  changes 
resulting  from  their  assimilation. 
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These  impulses  are  distributed  to  the  peripheral  active  tissue 
muscles,  glands,  etc.,  probably  through  the  medium  of  oth( 
sets  of  cells  analogous  to  the  last  group  situated  in  the  ner\ 
centers  as  well  as  to  the  local  distributors  which  act  as  unior 
between  the  other  textures  and  the  nerve  fibers. 

The  functions  of  nerve  cells  which  form  centers  of  action  ma 
be  classified  thus : — 

1.  Reflexion.^ — Many  cells  are  capable  of  reflecting  impulse 
received  from  an  afferent  nerve  ;  that  is  to  say,  they  send  it  b 
an  efferent  nerve  to  some  active  tissue,  such  as  a  muscle  or  glanc 
This  kind  of  direction  is  spoken  of  as  a  .simple  refiex  actiot. 
For  instance,  if  a  grain  of  red  pepper  be  placed  on  the  tonguf 
an  impulse  soon  travels  from  the  peripheral  receiving  termina 
along  an  afferent  nerve  to  its  central  terminal,  which  reflects  th 
impulse  to  the  efferent  nerve  going  to  the  salivary  gland,  an 
the  result  is  an  increased  secretion  of  saliva. 

2.  Coordination. — There  are  but  few  reflex  acts  that  d 
not  require  the  cooperation  of  several  cells,  and  these  wor 
together  in  an  orderly  manner,  the  resulting  activity  being  we 
arranged  and  usually  adapted  to  some  purpose.  The  first  act  c 
the  receiving  cells  of  a  reflex  center  must  be  to  distribute  an 
direct  the  impulse  into  those  channels  which  lead  to  groups  c 
cells  capable  of  sending  impulses  in  an  orderly  and  definit 
direction.  This  directing  and  arranging  power  is  spoken  of  i 
coordination,  and  probably  is  an  attribute  common  to  all  nerv 
cells. 

3.  Augmentation. — The  force  of  the  reflected  efferent  in 
pulse  bears  a  direct  relation  to  the  afferent  impulse  as  detei 
mined  by  the  strength  of  the  stimulus.  Thus  if  the  amount  c 
pepper  on  tke  tongue  be  much  increased,  not  only  is  the  flow  c 
saliva  greater,  but  the  excitation  spreads  from  one  central  cell  t 
another  until  the  neighboring  centers  are  affected.  Thus  w 
often  find  the  lachrymal  and  sweat  glands  are  influenced  by  ver 
strong  stimulation  of  the  tongue,  and  pour  out  their  secretior 
as  is  said,   "in  sympathy"   with  the  mouth  glands.     But  th 
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amount  of  the  afferent  impulse  is  not  the  only  factor  in  deter- 
mining the  energy  of  response  to  be  reflected  along  the  efferent 
channels.  Some  nerve  cells  have  a  distinct  power  of  increasing 
the  amount  of  response  to  a  given  stimulus.  When  an  irritant 
falls  near  the  raucous  membrane  in  the  neighborhood  of  the 
laryngeal  opening  a  very  different  result  is  produced.  The 
greater  response  to  an  equal  stimulus  in  such  cases  probably 
depends  rather  on  a  peculiar  augmenting  power  of  some  central 
cells  than  upon  any  special  local  mechanisms. 

4.  Inhibition. — Under  certain  conditions,  which  will  be 
more  fully  explained  presently,  nerve  cells  appear  to  have  the 
power  of  restraining  the  activity  of  other  cells  or  tissues,  of 
checking  their  receptive  or  executive  power,  or  lessening  the 
impulse  reflected  so  as  to  produce  less  effect ;  tTiis  i's  called 
inhibition. 

5.  Automatism. — Nerve  cells  are  supposed  to  have  the 
power  of  originating  activity,  1.  e.,  discharging  impulses  without 
receiving  any  exciting  impulses  from  other  nervous  agencies  that 
we  can  find  out.  Automatic  actions  are  sometimes  classified  as 
those  acting  continuously  and  those  that  undergo  rhythmical 
changes.  If  carefully  examined,  most  of  the  so-called  constant 
automatic  actions  will  be  found  to  show  traces  of  rhythmic 
relaxation,  and  many  of  them  will  be  found  explicable  as  reflex 
acts.  The  center  governing  respiratory  movement  is  the  best 
example  of  an  automatic  group  of  cells.  Impulses  are  rhythmi- 
cally discharged  from  it  even  when  the  connections  with  all  the 
afferent  nerves  which  influence  it  normally  are  cut  off,  and  it 
has  no  other  excitant  than  the  warm  blood  supplying  it  with 
nutriment.  Respirations  are,  however,  normally  regulated  by 
a  reflex  mechanism,  the  channels  of  which  reside  in  the  vagus 
nerve. 

In  the  nerve  cells  we  must  also  seek  mental  activity,  under 
which  term  may  be  considered  perception,  volition,  thought, 
and  memory.  It  is  very  difficult  to  allocate  the  due  proportions 
of  reflexion,  coordination,  augmentation,  inhibition,  automa- 
tism, etc.,  requisite  for  the  development  of  mental  faculties.  In 
46 
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all  probability  what  we  call  mental  operations  are  related  1 
activities  called  forth  as  the  resultant  of  a  long  series  of  extern; 
and  internal  excitations,  modified  by  intrinsic  nutritive  infli 
ences  acting  upon  innumerable  groups  and  complex  associatioi 
of  nerve  cells,  the  general  outline  of  whose  function  and  tei 
dency  of  action,  character,  has  been  rough-hewn  by  hereditai 
transmission. 
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CHAPTER  XXVIII. 
PHYSIOLOGY  OF  SPECIAL  NERVES. 

The  thirty-one  pairs  of  nerves  which  leave  the  vertebral  canal 
by  the  opening  between  the  vertebrse  are  called  spinal  nerves, 
in  contradistinction  to  the  cranial  nerves,  which  pass  through 
the  base  of  the  skull.  They  are  attached  to  the  spinal  marrow 
by  two  bands,  the  anterior  and  posterior  roots,  which  unite 
together  in  the  intervertebral  canal  to  form  the  trunk  of  the 
nerve.  Just  before  the  junction  of  the  two  roots  the  posterior 
one  is  enlarged  by  the  ganglion  of  the  posterior  root. 

The  spinal  nerves  are  all  "mixed  nerves,"  that  is  to  say,  they 
contain  both  efferent  and  afferent  fibers ;  but  these  two  sets  of 
fibers  are  separate  in  the  roots  of  each  nerve,  the  posterior  root 
containing  only  afferent,  and  the  anterior  only  efferent  fibers. 
The  spinal  nerves  are  thus  joined  to  the  spinal  marrow  by  two 
nervous  cords,  each  one  of  which  is  functionally  distinct. 
Nearly  eighty  years  ago  Charles  Bell  discovered  that  the  anterior 
roots  were  motor  and  the  posterior  sensory  channels.  Hence, 
the  anterior  are  commonly  spoken  of  as  the  motor  roots  and  the 
posterior  as  the  sensory  roots  of  the  spinal  nerves. 

Anterior  or  Efferent  Roots. 

If  the  roots  entering  the  nerves  supplying  the  hind  leg  of  an 
animal  be  divided,  the  muscles  are  paralyzed  and  the  leg  hangs 
limp. 

The  following  facts  further  determine  the  motor  function  of 
these  roots : — 

1.  Stimulation  of  the  root  near  the  cut  end  attached  to  the 
cord  excites  no  obvious  response. 

2.  Stimulation  of  the  cut  end  leading  to  the  limb  throws  its 
muscles  into  violent  action. 

3.  If  the  animal  be  allowed   to   survive  the  operation,  the 
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part  of  the  nerve  cut  from  its  central  connection  is  found  aftei 
some  time  to  degenerate,  but  the  end  connected  with  the  core 
continues  healthy. 

4.  In  the  early  embyro  the  development  of  these  roots  may  be 
seen  to  start  from  the  cord  and  extend  toward  their  peripheral 
distribution. 

Besides  the  fibers  carrying  efferent  impulses  to  the  skeletal 
muscles,  there  are  three  other  sets  of  efferent  fibers  already 
known  in  the  anterior  roots,  viz.  : — 

1.  To  the  muscles  of  the  blood-vessels. 

2.  To  the  muscles  of  the  viscera. 

3.  To  the  secreting  glands. 

The  existence  of  the  vaso-motor  fibers  may  be  proved  as 
follows: — 

If  the  two  webs  of  a  frog,  with  the  anterior  roots  of  the  lower 
four  nerves  divided  on  one  side,  be  compared,  the  blood-vessels 
in  the  transparent  part  of  the  web,  on  the  injured  side,  will  soon 
be  found  to  be  fuller  than  those  in  the  web  of  the  other  limb, 
but  if  the  distal  ends  of  the  cut  motor  roots  be  stimulated,  the 
dilated  blood-vessels  contract  to  an  extreme  degree. 

With  regard  to  the  viscero-motor  fibers  the  proof  is  not  so 
easily  demonstrated,  as  we  have  not  so  ready  a  gauge  of  the 
activity,  but  from  similar  experiments  there  can  be  but  little 
doubt  that  motor  impulses  travel  by  the  anterior  roots  to  the 
viscera. 

Posterior  or  Afferent  Roots, 

The  functions  of  the  posterior  roots  have  been  determined  by 
the  following  methods. 

Section  of  the  posterior  roots  entering  the  plexus  of  a  limb 
produces  no  paralysis  of  voluntary  movement,  but  we  find  that : — 

{a)  On  excitation  of  the  limb  no  reflex  response  can  be 
elicited.  On  the  other  hand,  after  section  of  the  anterior  roots 
alone  reflex  movements  of  other  parts  of  the  body  can  readily 
be  excited.  Therefore  afferent  impulses  exciting  reflex  action 
reach  the  cord  through  the  posterior  roots  only. 

{V)  On  stimulation  of  the  cut  end  connected  with  the  limb,  nc 
response  is  called  forth. 
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(c)  On  stimulating  the  cut  end  attached  to  the  cord,  motions 
indicative  of  pain  are  produced. 

(d?)  If  the  animal  be  kept  alive,  the  nerve  degenerates  accord- 
ing to  the  position  of  the  section  with  regard  to  the  ganglion  of 
the  root.  Thus  if  the  nerve  be  cut  between  the  ganglion  and 
the  cord,  the  part  of  the  root  attached  to  the  cord  degenerates ; 
but  if  it  be  cut  between  the  ganglion  and  the  periphery,  the 
peripheral  portion  degenerates. 

(i?)  If,  in  a  frog  previously  decapitated,  the  lower  four  pos- 
terior roots  on  one  side  be  divided,  it  will  be  found  that  the  limb 
of  that  side  will  hang  more  limply  than  the  other,  because  the 


Diagram  showing  the  Degeneration  (blaclc)  following  Section  of  Spinal  Nerves  and  Roots  at 
Different  Points,    a,  anterior ;  p,  posterior  root ;  g,  ganglion. 


afferent,  excito-reflex  impulses  from  the  skin,  which  established 
muscular  ^onus,  cannot  reach  the  cord. 

(/)  Pathological  and  other  evidence  leads  us  to  believe  that 
afferent  impulses  which  serve  to  bring  about  muscular  coordina- 
tion also  travel  through  the  posterior  roots.  These  include 
impulses  starting  both  from  skin  and  muscles. 

In  the  early  embyro  the  fibers  of  these  roots  are  seen  to  start 
from  isolated  masses  of  cells,  formed  from  that  part  of  the  sen- 
sory layer  of  the  epiblast  lying  dorsally  in  respect  to  the  med- 
ullary canal.  Frojn  these  cells  processes  grow,  in  either  direction, 
peripherally  toward  the  skin,  etc.,  centrally  into  the  sensory 
layer  of  the  medullary  canal. 

It  has  been  found  that  stimulation  of  the  anterior  roots  causes 
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pain,  as  shown  by  the  motion  of  other  parts  besides  those  1 
which  the  roots  are  distributed.     But  it  has  been  found  that 
the  corresponding  posterior  roots  be  cut  these  signs  of  pain  whe 


Fig 


Section  through  Spinal  Ganglion  of  a  Cat,  showing  ganglion  cells  interspersed  between  1 
fibers.    (Low  power.) 


Fig.  195. 


the  anterior  roots  are  stimulated  are  absent.  These  fibers  a 
named  the  "recurrent  sensory  fibers, 
and  they  are  nothing  more  than  senso: 
fibers  which  pass  from  the  nerve  trui 
a  httle  way  up  the  motor  root,  and  tht 
turn  back  and  descend  to  the  junction 
the  roots,  whence  they  pass  along  tl 
posterior  root  to  the  cord. 

In  the  ganglion  of  the  posterior  ro 
(Fig.  194)  numerous  large  nerve  cells  a 
grouped  together  into  masses  between  t 
nerve  fibers  with  which  they  are  lateral 
connected.  The  cells  are  nearly  spheric 
in  outline,  and  are  inclosed  in  a  capsi 
made  of  flattened  cells,  from  which  t 
protoplasm  commonly  shrinks,  spoili 
the  outline  of  the  cell.  Each  nerve  fib( 
with  but  rare  exceptions,  is  known  to 

attached  to  a  single  cell,  and  the  cells  have  never  been  fou 


Two  Cells  from  the  Former 
seen  under  a  High  Power, 
showing  the  iine  protoplasm 
here  and  there  retracted 
from  the  cell  wall. 
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to  have  more  than  one  fiber  connected  with  them.  The  only 
kndwn  function  of  these  cells  is  that  of  presiding  over  the 
nutrition  of  the  nerve  fiber  to  which  they  are  attached. 

The  nerves  which  pass  off  through  the  foramina  in  the  base  of 
the  skull  are  considered  separately,  on  account  of  their  anatomi- 
cal relationship  differing  from  those  of  the  spinal  nerves  and 
because  the  function  of  each  shows  some  peculiarity.  Some  are 
exclusively  nerves  of  special  sense,  some  are  simple,  being  purely 
motor  in  function,  while  others  are  exceedingly  complex,  con- 
taining many  kinds  of  fibers.  They  may  be  taken  in  the  order 
of  their  functional  relationships,  motor  or  mixed.  Those  which 
relate  to  the  special  senses  will  be  considered  in  future  chapters. 

The  Motor  Oculi  Nerve. 

The  nerves  of  the  third  pair  are  efferent,  being  the  chief 
motor  nerves  of  the  eyes.  They  arise  from  the  gray  matter  on 
the  floor  and  roof  of  the  aqueduct  of  Sylvius,  pass  out  of  the 
brain  substance  near  the  pons,  from  between  the  fibers  of  the 
peduncle,  and  run  between  the  posterior  cerebral  and  superior 
cerebellar  arteries.  They  pass  into  the  orbits  in  two  branches, 
and  are  distributed  to  the  following  orbital  muscles :  (i) 
elevator  of  the  eyelid ;  (2)  the  superior,  (3)  inferior,  and  (4) 
internal  recti,  and  (5)  the  inferior  oblique.  They  also  contain 
fibers  which  carry  efferent  impulses  to  (i)  the  circular  muscle 
of  the  iris  and  to  (2)  the  ciliary  muscle.  The  latter  branches 
reach  the  eye  by  a  short  twig  from  the  inferior  oblique  branch, 
which  goes  to  the  ciliary  ganglion,  and  thence  enters  the  ciliary 
nerves. 

The  action  of  the  orbital  muscle  is,  in  the  main,  under  the 
control  of  the  will,  though  they  afford  good  examples  of 
peculiar  coordination  and  involuntary  association  of  move- 
ments. The  reflex  contraction  of  the  pupil  by  the  action  of 
circular  muscle  (sphincter  pupillse)  is  a  bilateral  act,  the  afferent 
impulse  of  which  originates  in  the  retina,  passes  along  the 
optic  nerves,  and  is  transmitted,  from  the  corpora  quadri- 
gemina,  to  both  the  third  nerves.  The  central  extremities  of 
the  third  nerves  have  an  intimate  connection  with  each  other 
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and  with  the  optic  nerves,  for  the  diminution  in  size  of  be 
pupils  follows  accurately  the  increase  in  intensity  of  the  lig 
to  which  even  one  of  the  retinae  is  exposed.  In  retinal  blir 
ness  and  after  section  of  the  optic  nerve  the  pupil  becotr 
dilated  from  loss  of  the  retinal  excitation.  The  action  of  t 
ciliary  muscle  may  be  said  to  be  voluntary,  since  we  can  at  w 
focus  our  eyes  for  near  or  far  objects.  Contraction  of  t 
sphincter  pupillse  and  of  the  internal  rectus  is  associated  wi 
the  contraction  of  the  ciliary  muscle  in  accommodation. 

Section  of  the  third  nerve  within  the  cranium  gives  rise 
the  following  group  of  phenomena :  (i)  Drooping  of  t 
upper  lid  (Ptosis) ;  (2)  fixedness  of  the  eye  in  the  outer  ang 
(Luscitas) ;  (3)  dilatation  and  immobility  of  pupil  (Mydriasis 
(4)  inability  to  focus  the  eye  for  short  distances. 

The  Trochlear  Nerve. 
This  thin  nervous  filament  arises  under  the  Sylvian  aquedu 
and  passes  into  the  superior  oblique  muscle,  to  which  it  carri 
voluntary    impulses,  which   are    involuntarily   associated   wi 
those  of  the  other  muscles  moving  the  eyeball.     Paralysis 
this  muscle  causes  no  very  obvious  impairment  in  the  motioi 
of  the  eyeball  when  the  head  is  held  straight,  but  it  is  accoi 
panied  by  double  vision,  so  there  must  be  some  displacement 
the  eyeball.     In  paralysis  of  this  nerve  a  double  image  is  set 
only  when  looking  downward,  and  the  image  on  the  affecte 
side  is  oblique  and  below  that  seen  by  the  sound  eye. 

The  Abductor  Nerve  of  the  Eye. 
This  arises  in  the  floor  of  the  fourth  ventricle,  and  appea 
just   below   the   pons   Varolii.     It  is  the  motor  nerve  of  tl 
external  rectus  muscle  of  the  eye.     Paralysis  or  section  of 
causes  internal  squint. 

Motor  Nerve  of  the  Face  (Portio  Dura). 
This  nerve  arises  from  a  gray  nucleus  in  the  floor  of  the  fouri 
ventricle.     It   passes  with  the  auditory   nerve  (portio  molli 
into  the  internal  auditory  meatus  of  the  temporal  bone. 
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first  passes  out  toward  the  hiatus,  then  turns  at  a  right  angle 
to  form  a  knee-like  swelling  (geniculate  ganglion),  and  then 
runs  backward  along  the  top  of  the  inner  wall  of  the  drum,  and 
passing  downward  through  a  special  canal  in  the  bone,  comes 
out  at  the  stylo-mastoid  foramen,  and  finally  spreads  out  on  the 
side  of  the  face.  It  is  essentially  an  efferent  nerve,  being  partly 
motor  and  partly  secretory,  though  its  connections  have  caused 
afferent  functions  to  be  ascribed  to  it.  Its  distribution  may  be 
thus  briefly  summarized : — 

i.  Motor  Fibers. — (i)  To  the  muscles  of  the  forehead,  eyelids, 
nose,  cheek,  mouth,  chin,  outer  ear,  and  the  platysma,  which 
may  be  grouped  together  as  the  muscles  of  expression.  (2)  To 
some  muscles  of  mastication,  viz. ,  buccinator,  posterior  belly  of 
digastric,  and  the  stylo-hyoid — all  the  foregoing  being  supplied 
by  external  branches — while  in  the  temporal  bone  it  gives  a 
branch  to  (3)  the  stapedius  muscle,  and  also'(4)  a  branch  from 
the  geniculate  ganglion  named  the  great  superficial  petrosal 
nerve,  which  after  a  circuitous  course  is  supplied  to  the  azygos 
muscle  of  the  palate  and  uvula. 

ii.  Secretory  Fibers. — (i)  To  the  parotid  gland  by  the  small 
superficial  petrosal  nerve,  which  sends  a  branch  to  the  otic 
ganglion,  whence  the  fibers  pass  to  the  auriculo-temporal  nerve 
and  then  on  to  the  gland,  (z)  To  the  sub-maxillary  gland  by 
the  chorda  tympani,  which,  having  traversed  the  tympanum, 
leaves  the  ear  by  a  fissure  at  its  anterior  extremity,  then  joins 
the  lingual  branch  of  the  fifth  to  separate  from  it  and  pass  into 
the  sub-maxillary  ganglion  which  lies  in  close  relation  to  the 
gland  (compare  Figs.  69  and  70). 

iii.  Vaso-motor,  or  vaso-inhibitory  influences,  are  chiefly  con- 
nected with  the  motor  and  secretory  functions,  since  dilata- 
tion of  the  vessels  of  muscles  and  glands  accompanies  the  motion 
and  secretion  that  follows  stimulation  of  the  nerves  going  to 
them. 

iv.  Afferent  Impulses. — (i)  Special  taste-sensations,  which 
are  chiefly  located  in  the  chorda  tympani  branch,  may  be  con- 
veyed by  the  fibers  of  communication  which  pass  from  the 
trunk  and  petrous  ganglion  of  the  glosso-pharyngeal  to  the 
47 
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portio  dura  at  its  exit  from  the  foramen,  or  by  the  connectic 
in  the  drum  of  the  ear,  between  the  tympanic  branch  of  t 
glosso-pharyngeal  and  the  geniculate  ganghon  of  the  por 
dura,  through  the  lesser  superficial  petrosal  nerve.  (2)  Ordinj 
sensations,  which  are  also  located  in  the  chorda  tympani,  i 
said  to  traverse  this  nerve  until  it  comes  near  the  otic  ganglic 
when  the  sensory  fibers  leave  the  chorda  and  pass  to  the  infer 
division  of  the  fifth  nerve  through  the  otic  ganglion. 

Injury  of  the  facial  nerve  in  any  of  the  deeper  parts  of 
course  gives  rise  to  the  striking  group  of  symptoms  known 
facial  paralysis.  When  it  is  remembered  that  muscles  aidi 
in  expression,  mastication,  deglutition,  hearing,  smdhng,  a 
speaking  are  paralyzed,  and  that  taste,  salivary  secretion,  a 
possibly  ordinary  sensation  are  impaired,  one  can  form  so; 

idea  of  the  complex  pathological  picture  such  a  case  presents. 

« 

N.  Trigeminus,  or  Tri-facial  Nerve. 

This  nerve  transmits  both  efferent  and  afferent  impulses.  T. 
motor  part,  which  arises  from  a  gray  nucleus  in  the  floor  of  1 
fourth  ventricle,  is  much  the  smaller  of  the  two,  and  has  be 
compared  to  the  anterior  root  of  a  spinal  nerve.  The  large  s( 
sory  division  springs  from  a  very  extensive  tract,  which  can 
traced  from  the  pons  Varolii  through  the  medulla  to  the  Ion 
limit  of  the  olivary  body,  and  on  to  the  posterior  cornua  of  1 
spina  marrow.  This  set  of  fibers  has  been  compared  to 
posterior  root  of  a  spinal  nerve,  being  somewhat  analogous 
it  in  origin,  function,  and  the  fact  that  there  is  a  large  gangli 
on  it  within  the  cranium. 

The  distribution  and  peripheral  connections  of  this  nerve 
somewhat  complicated,  and  should  be  carefully  studied  when 
manifold  functions  of  its  branches  are  being  considered.     1 
various  impulses  conveyed  by  the  tri-facial  nerves  may  be  i. 

enumerated : — 

I.  Efferent  Fibers. 

I.  Motor. — To  the  muscles  of  (i)  mastication",  viz.,  tempc 
masseters,  both  pterygoids,  mylo-hyoid,  and  the  anterior  part 
the  digastrics  ;  (2)  to  the  tensor  muscle  of  the  soft  palate  ;  s 
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(3)  to  the  tensor  tympani.  (4)  In  some  animals  (rabbit)  nerve 
filaments  are  said  to  pass  to  tlie  iris,  reaching  the  eyeball  by  the 
ciliary  ganglion. 

2.  Secretory. — The  efferent  impulses  which  stimulate  the  cells 
of  the  lachrymal  gland  to  increased  action,  pass  along  the  branches 
of  the  ophthalmic  division  of  this  nerve. 

3.  Vaso-motor. — The  nerves  governing  the  muscles  of  the  blood- 
vessels of  the  eye,  of  the  lower  jaw,  and  of  the  mucous  membrane 
of  the  cheeks  and  gums. 

4.  Trophic. — On  account  of  the  impairment  of  nutrition  of 
the  eye  and  mucous  membrane  of  the  mouth,  which  occurs  after 
injury  to  the  fifth  nerve,  it  is  said  to  carry  fibers  which  preside 
over  the  trophic  arrangements  of  these  parts. 

II.  Afferent  Fibers. 

1.  Sensory. — AH  the  divisions  of  the  tri-faciM  nerve  maybe 
said  to  be  connected  with  cutaneous  nerves,  by  which  the 
ordinary  sensory  impulses  are  carried  from  (1)  the  entire  skin 
of  the  face,  and  the  anterior  surface  of  the  external  ear ;  (2)  from 
the  external  auditory  meatus ;  (3)  from  the  teeth  and  periosteum 
of  the  jaws,  etc.  ;  (4)  from  the  mucous  membrane  lining. the 
cheeks,  floor  of  the  mouth,  and  anterior  part  of  the  tongue;  (5) 
from  the  lining  membrane  of  the  nasal  cavity  ;  (6)  from  the  con- 
junctiva, ball  of  the  eye,  and  orbit  generally ;  (7)  and  from  the 
dura  mater,  including  the  tentorium. 

2.  Excito-motor. — Some  of  the  fibers  which  have  just  been 
enumerated  as  carrying  ordinary  sensory  impressions  have 
special  powers  of  exciting  coordinated  reflex  motions.  Thus 
the  sensory  fibers  from  the  conjunctiva  and  its  neighborhood  are 
the  afferent  channels  in  the  common  reflex  acts  of  winking  and 
closing  the  eyelids ;  and  the  fibers  from  the  nasal  mucous  mem- 
brane excite  the  involuntary  act  of  sneezing. 

3.  Excito-secretory. — As  in  the  case  of  reflex  movements, 
secretions  may  be  excited  refiexly.  Fibers  carry  afferent  im- 
pulses to  the  medulla  from  the  anterior  part  of  the  tongue,  and 
excite  activity  of  the  salivary  glands.     Stimulation  of  the  mucous 


554  MANUAL   OF  PHYSIOLOGY. 

membrane  of  the  nose  or  eye  causes  impulses  to  pass  to  t 
secretory  center  of  the  lachrymal  glands,  which  are  frequen 
thus  reflexly  excited. 

Intense  stimulation  of  almost  any  of  the  afferent  nerves  n 
excite  these  reflex  phenomena.  Thus  the  most  stoic  person  v 
experience  active  secretions  of  saliva  and  lachrymal  fluid,  asv 
as  spasmodic  closure  of  the  lids  during  the  extraction  of  a  too 
Even  the  bold  use  of  a  blunt  razor  will  cause  tears  to  flow  do 
the  cheeks,  by  sending  excito-secretory  impulses  along 
branches  of  the  inferior  and  superior  maxillary  division  of  1 
nerve. 

4.  Tactile  impulses  are  appreciated  by  the  anterior  part  of 
tongue  with  remarkable  delicacy,  and  are  conveyed  by  the  ling 
branch  of  the  fifth  nerve  ;  most  of  the  cutaneous  fibers  are  a 
capable  of  receiving  tactile  stimulation. 

5.  Taste. — The  tastes  appreciated  by  the  anterior  part  and 
edges  of  the  tongue  are  carried  by  fibers  which  lie  in  the 
ripheral  branches  of  this  nerve.     These  belong  chiefly,  if 
altogether,  to  the  chorda  tympani,  and  leave  this  lingual  brai 
of  the  fifth  to  join  the  seventh  nerve  on  their  way  to  the  trunl 
the  glosso-pharyngeal. 

There  are  four  ganglia  in  close  relation  to  the  branches  of 
fifth  nerve  which  have   certain  points  of  similarity,  and  m 
therefore,  be  considered  together,  although  their  positions  si 
that  they  are  engaged  in  the  performance  of  very  different  fu 
tions. 

We  have  not  yet  been  able  to  ascertain  the  value  of  tl 
little  points  of  junction  of  motor,  sensory,  vaso-motor,  i 
secretory  fibers,  because,  so  far,  we  are  unable  to  attribute 
the  cells  of  the  ganglia  either  reflecting  or  controlling  acti 
or  any  automatic  power. 

They  all  have  efferent  (motor  and  secretory)  and  affei 
(sensory)  connections  with  the  nervous  centers,  and  also  c 
nections  with  the  main  channels  of  the  sympathetic  nerves.  Tl 
are  spoken  of  as  the  roots  of  the  ganglia.  Their  little  branc 
are  generally  mixed  nerves. 
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The  Ciliary  or  Ophthalmic  Ganglion. 

This  ganglion  lies  in  the  orbit.  It  has  three  roots,  which 
come  from  (i)  the  inferior  oblique  branch  of  the  third  nerve, 
by  a  short  slip,  which  forms  the  motor  root ;  (2)  from  the  nasal 
branch  of  the  ophthalmic  division  of  the  fifth,  and  (3)  from  the 
carotid  plexus  of  the  sympathetic.  The  branches  go  mostly  to 
the  ball  of  the  eye,  and  may  be  divided  into  afferent  and  effer- 
ent. The  afferent  are  sensory  branches,  connecting  the  cornea 
and  its  neighboring  conjunctiva  with  the  centers.  The  efferent 
fibers  go  to  the  iris  and  cause  dilatation  of  the  pupil  (coming 
mostly  from  the  sympathetic),  and  the  vaso-motor  fibers  going 
to  the  choroid  coat,  iris,  and  retina. 


The  Spheno-palatine  or  Nasal  Ganglion. 

This  lies  on  the  second  division  of  the  fifth  nerve,  from 
which  it  gets  its  sensory  root.  Its  motor  root  comes  from  the 
seventh  by  the  great  superficial  petrosal  nerve,  and  its  sym- 
pathetic root  from  the  carotid  plexus  by  the  branch  joining 
this  nerve.  These  enter  the  ganglion  together,  and  are  spoken 
of  as  the  vidian  nerve.  Afferent  (sensory)  impulses,  from  the 
greater  part  of  the  nasal  cavity,  pass  through  this  ganglion. 
Its  efferent  branches  are  (i)  motor  to  the  elevator  of  the  soft 
palate  and  azygos  uvulae ;  (2)  vaso-motor,  which  come  from  the 
sympathetic ;  and  (3)  secretory,  which  supply  the  glands  of  the 
cheek,  etc. 

Otic  or  Ear  Ganglion. 

The  otic  ganglion  lies  under  the  foramen  ovale,  where  the 
interior  division  of  the  fifth  comes  from  the  cranium.  Its  roots 
are  (i)  motor;  (2)  sensory,  from  the  inferior  division  of  the 
fifth ;  and  (3)  sympathetic,  made  up  of  a  couple  of  fine  filaments 
from  the  plexus,  around  the  meningeal  artery.  By  its  branches 
it  communicates  with  the  seventh,  chorda  tympani,  and  sends 
filaments  to  the  parotid  gland. 
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The  Submaxillary  Ganglion. 
This  is  on  the  hyo-glossus  muscle  in  close  relation  to  the  li 
gual  branch  of  the  fifth,  from  which  it  gets  a  sensory  root.  T 
chorda  tympani  passes  to  the  ganglion,  carrying  efferent  ii 
pulses  through  it  to  the  gland.  Its  sympathetic  branches  coi 
from  the  plexus  around  the  facial  artery. 

The  Glosso-pharyngeal  Nerve. 
This  nerve  springs  from  the  floor  of  the  fourth  ventricle  abo 

the  nucleus  of  the  vagus.     It  is  a  mixed  nerve,  the  functions 

which  may  be  thus  classified. 

Afferent  fibers,  which  are  of  various  kinds,  viz.  : — 

I.. Sensory  fibers,   carrying  impulses  from  the    anterior  sc 

face  of  the  epiglottis,  the  base  of  the  tongue,  the  soft  palal 

the  tonsils,  the  Eustachian  tube,  and  tympanum. 

2.  Excito-motor.  This  nerve  excites  important  reflex  mov 
ments  in  swallowing  and  vomiting  when  a  stimulus  is  applied 
the  glosso-palatine  arch. 

3.  Excito-secretory ,  the  stimulation  of  the  back  of  the  tong 
gives  rise  to  a  copious  flow  of  saliva  by  means  of  reflex  action 

4.  Taste  sensations  are,  for  the  most  part,  carried  by  tl 
nerve ;  they  are  tonveyed  from  special  nerve  endings  in  tl 
back  of  the  tongue.     (See  Taste.) 

The  efferent  fibers  are  not  so  varied,  being  simply  motor 
the  middle  constrictor  of  the  pharynx,  stylo-pharyngeus,  elev 
tor  of  the  soft  palate,  and  the  azygos  uvulae. 

The  Vagus  Nerve. 

The  vagus  arises  from  the  lower  part  of  the  floor  of  the  four' 
ventricle,  and  is  connected  with  many  of  the  important  grou 
of  nerve  cells  in  this  neighborhood.  It  receives  a  large  bran( 
from  the  spinal  accessory,  which  branch  contains  all  the  effere 
fibers  found  in  the  vagal  trunk  in  the  neck.  Its  root  is  pure 
afferent. 

The  functions  of  its  widely  distributed  fibers  may  be  th 
briefly  stated : — 
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A.  The  Efferent  Fibers  (from  spinal  accessory  root)  may 
be  divided  into — 

1.  Motor-nerve  channels,  going  to  a  great  portion  of  the 
alimentary  tract  and  air  passage  ;  the '  following  muscles  getting 
their  motor  supply  from  the  branches  of  the  vagus — the 
pharyngeal  constrictors,  some  muscles  of  the  palate,  esophagus, 
stomach,  and  greater  part  of  the  small  intestine.  Motor 
impulses  also  pass  along  the  trunk  of  the  vagus — though  leaving 
the  cord  by  the  roots  of  the  accessory  nerve — to  the  intrinsic 
muscles  of  the  larynx ;  these  fibers  lie  in  the  inferior  or  recur- 
rent laryngeal  nerve  except  that  to  the  crico-thyroid,  which  lies 
in  the  superior  laryngeal  branch.  The  tracheal  muscle  and  the 
smooth  muscle  of  the  bronchial  walls  are  also  under  the  control 
of  the  pulmonary  branches  of  the  vagus. 

2.  Inhibitory  impulses  of  great  importance  for  the  regulation 
of  the  forces  of  the  circulation  pass  along  the  vagus  to  the 
ganglia  of  the  heart.  As  already  explained  in  detail  (see  p.  298), 
these  fibers  are  always  acting,  as  shown  by  the  fact  that  section 
of  the  vagi  causes  a  considerable  quickening  of  the  heart-beat. 
On  the  other  hand,  if  the  distal  end  of  the  cut  vagus  be  stimu- 
lated, the  heart  beats  more  slowly,  and  in  some  animals  may 
come  to  a  standstill  in  a  condition  of  relaxation. 

3.  Vaso-inhibitory  fibers  are  said  to  be  supplied  to  the  stomach 
and  small  intestine. 

B.  The  Afferent  Fibers,  still  more  widely  spread,  are 
important  for  the  functions  of  the  various  viscera.     They  are  : — 

1.  Sensory  fibers  carrying  impulses  from  the  pharynx,  esopha- 
gus, stomach,  and  intestine,  and  from  the  larynx,  trachea, 
bronchi,  and  lungs  generally.  The  pneumonia  which  follows 
section  of  the  vagi  depends  on  (i)  the  removal  of  sensibility, 
and  the  ease  with  which  foreign  matters  can  enter  the  air  passages ; 
or  (2)  the  violent  breathing  necessary  when  the  motor  nerves  of 
the  larynx  are  cut ;  or  (3)  the  injury  of  trophic  or  vaso-motor 
fibers. 

2.  Excito-motor  nerves.  There  is  no  nerve  that  can  be  com- 
pared with  the  vagus  in  the  variety  of  reflex  phenomena  in  which 
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it  participates.  Afferent  fibers  in  this  nerve  cause  spasm  of  t 
muscles  of  the  glottis  and  thorax  and  govern  the  respirato 
rhythm,  preside  over  inhalation  of  air,  and  excite  the  expirato 
muscles.  Thus  irritation  of  the  mucous  membrane  at  the  ro 
of  the  tongue,  the  folds  of  the  epiglottis,  larynx,  trachea, 
bronchi,  causes  spasmodic  fits  of  coughing.  Irritation  of  t 
pharyngeal  or  the  gastric  fibers  gives  rise,  by  reflex  stimulatio 
to  the  act  of  vomiting. 

Stimulation  of  the  proximal  cut  end  of  the  trunk  of  the  vag 
causes  inspiratory  effort  and  cessation  of  breathing  movemer 
in  the  position  of  inspiration.  Stimulation  of  the  central  c 
end  of  the  superior  laryngeal  branch  causes  reflex  spasm  of  tl 
muscles  of  the  larynx  and  a  fixation  of  the  expiratory  muscl 
in  the  position  of  expiration.  The  fibers  which  regulate  t] 
respiratory  rhythm  consist  of  two  sets,  probably  passing  fro 
the  lungs  to  the  inspiratory  and  expiratory  centers,  and  causii 
each  to  act  before  its  automatism  would  excite  any  discharge 
impulse  to  the  muscles. 

3.  Excito-inhibitory  fibers  pass  from  the  heart  to  the  vas 
motor  center.  Stimulation  of  these  fibers,  which  take  som 
what  different  courses  in  different  animals,  checks  the  ton 
action  of  the  vaso-motor  center  and  greatly  reduces  the  blo( 
pressure.  Hence  these  fibers  form  the  depressor  nerve.  \ 
terminals  in  the  heart  are  stimulated  by  distention  of  that  orgai 
and  the  vaso-motor  center  is  thereby  inhibited,  the  arteri 
dilate,  and  the  blood  pressure  falls  so  that  the  over-filled  hei 
can  empty  itself. 

4.  Excito-secretory  fibers.  Stimulation  of  the  gastric  endin 
of  the  vagus  causes  not  only  gastric,  but  also  salivary  secretio 
which  occurs  as  a  precursor  of  vomiting. 

Section  of  both  vagi  in  the  neck  causes  the  death  of  t 
animal  within  a  day  or  two  after  the  operation,  and  the  folio 
ing  changes  may  be  observed  while  it  lives  :  i.  The  heart- be 
is  much  quicker,  as  shown  by  the  increased  pulse  frequenc 
2.  The  rate  of  breathing  is  very  much  slower.  3.  Deglutiti- 
is  difficult,  the  food  easily  passing  into  the  air  passages  throu 
the  insensitive  larynx. 
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Section  of  the  superior  laryngeal  nerves  is  followed  by  slight 
slowness  of  breathing,  loss  of  sensibility  in  the  larynx,  entrance 
of  food  into  the  air  passages,  chronic  broncho-pneumonia,  and 
death. 

Section  of  the  inferior  laryngeal  nerves  gives  rise  to  the  same 
final  result,  because  the  muscles  of  the  larynx  are  paralyzed,  and 
closure  of  the  glottis  is  impossible.  Loss  of  voice  follows  the 
section  or  injury  of  even  one  inferior  laryngeal,  as  may  often 
be  seen  in  man  from  the  effect  of  the  pressure  of  an  aneurysm. 

The  Spinal  Accessory  Nerve. 
This  nerve  arises  from  the  medulla  oblongata  and  spinal  cord, 
as  low  down  as  the  seventh  cervical  vertebra.  The  lower  fibers 
leave  the  lateral  columns  at*  their  posterior  aspect,  and  then  run 
up  between  the  denticulate  ligament  and  the  posterior  roots  of 
the  spinal  nerves  to  enter  the  cranial  cavity.  On  their  way  out 
of  the  cranium  they  divide  into  two  parts,  one  of  which  becomes 
amalgamated  with  the  vagus,  and  the  other  passes  down  the  side 
of  the  neck,  as  the  motor  nerve  of  the  sterno-mastoid  and 
trapezius  muscles.  Physiologically,  it  may  be  compared  with 
the  anterior  root  of  a  spinal  nerve,  and  the  part  accessory  to  the 
vagus  supplies  that  nerve  with  all  its  efferent  branches.  With 
this  nerve  an  important  set  of  vaso-  and  viscero-inhibitory  fibers 
leaves  the  cord  to  join  the  sympathetic  system  in  the  neck. 

Hypoglossal  Nerve. 

This  nerve  appears  in  the  furrow  between  the  olivary  body  and 
the  anterior  pyramid,  on  a  line  with  the  anterior  roots  of  the 
spinal  nerves.  It  corresponds  with  the  anterior  roots  in  function, 
being  a  purely  motor  nerve.  It  bears  impulses  to  the  muscles  of 
the  tongue,  and  others  attached  to  the  hyoid  bone. 

Some  sensory  fibers  lie  in  its  descending  branch,  but  these  are 
probably  derived  from  the  vagus  or  tri-facial  nerves,  with  which 
its  branches  inosculate. 

It  is  also  said  to  contain  the  vaso-motor  fibers  of  the  tongue. 

Section  of  the  nerves  causes  paralysis  of  the  muscles  of  the 
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tongue  j  when  this  is  unilateral,  the  tongue  inclines  to  the  injm 
side,  while  being  protruded  from  the  mouth ;  but  while  bei 
drawn  in,  it  passes  to  the  sound  side.  This  is  easily  understo 
when  it  is  borne  in  mind  that  the  two  acts  depend  upon  t 
intrinsic  muscles  of  the  tongue,  bringing  about  an  elongation 
shortening  of  the  organ  respectively. 

The  Sympathetic  System. 

The  ganglionic  chain  of  nerves  lying  in  the  body  cavity 
each  side  of  the  vertebral  column,  commonly  called  the  sym] 
thetic  system,  may  be  regarded  as  a  complicated  plexus  of  nei 
fibers  arising  from  the  spinal  cord  and  forming  the  main  nerve 
supply  of  the  vessels  and  viscera. 

The  old  view,  that  it  formed  a  system  homologous  to  the  cha; 
of  ganglia  of  the  invertebrates,  and  that  it  was  independent 
the  cerebrospinal  axis,  is  now  definitely  abandoned  upon  t 
following  evidence : — 

1.  It  is  developed  as  an  outgrowth  from  the  medullary  axis. 

2.  The  vaso-raotor  nerves,  which  are  experimentally  prov 
to  obey  the  centers  in  the  spinal  cord  and  bulb,  are  among  t 
most  important  and  best  known  of  the  sympathetic  fibers. 

3.  The  fibers  from  a  special  center,  known  to  exist  in  the  coi 
pass  along  the  cervical  sympathetic  chain  to  the  iris. 

4.  Characteristic  small  medullated  fibers  can  be  traced  frc 
the  cord  through  the  roots  into  the  sympathetic  ganglia. 

5.  The  sympathetic  ganglia  do  not  give  a  reflex  response 
any  stimulus,  and  can  be  proved  to  belong  only  to  fibers  of  o 
function. 

6.  The  spinal  cord  itself,  with  its  metameric  roots  a 
segment,  is  the  real  homologue  of  the  nervous  chain  of  the  ; 
vertebrates. 

Among  the  peculiarities  of  the  sympathetic  the  foUowi 
points  may  be  enumerated : — 

I.  Its  Numerous  Ganglia. — These  may  be  divided  into  thi 
classes — 

a.  Lateral  ganglia,  which  lie  on  the  sides  of  the  verteb: 
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column  and  form  the  main  sympathetic  chain  (vaso-motor 
ganglia). 

p.  Collateral  ganglia,  which  form  a  more  or  less  distinct 
group,  in  close  proximity  to  the  viscera;  e.g.,  the  semilunar, 
mesenteric,  etc. 

y.  Terminal  ganglia,  which  are  found  on  the  course  of  the 
fibers  before  their  final  division  and  distribution  ;  e.g.,  cardiac 
and  intestinal  ganglia. 

,  11.  In  diameter  the  medullated  fibers  of  the  sympathetic  are 
very  small,  sometimes  under  2/t,  numbers  not  being  more  than 
^11  and  none  exceeding  9/i,  while  those  of  the  ordinary  motor 
fibers  of  a  spinal  nerve  may  reach  i8/t.  The  fibers  of  distribu- 
tion are  as  a  rule  non-meduUated  gray  fibers,  and  correspondingly 
small. 

III.  The  distribution  of  the  sympathetic  fibers,  so  far  as  they 
have  been  traced  up  to  the  present,  is  exclusively  to  the  blood- 
vessels, heart,  and  other  viscera. 

It  must  be  borne  in  mind  throughout  the  following  brief  de- 
scription, that  it  is  chiefly  founded  on  researches  made  on  the  dog. 

The  central  connections  of  the  sympathetic  with  the  gray 
matter  of  the  spinal  cord  are  confined  to  the  white  communi- 
cating branches,  to  which  the  characteristic  small  medullated 
fibers  may — by  consecutive  sections — be  traced  from  the  cord 
through  both  the  roots  of  the  spinal  nerves.  The  gray  connec- 
tions of  the  sympathetic  ganglia  are  simply  branches  of  distri- 
bution on  their  way  chiefly  to  the  blood-vessels. 

The  relatively  larger  fibers  have  been  said  to  be  sensory,  and 
no  doubt  many  afferent  fibers  pass  from  the  lateral  ganglia  to 
the  cord  by  the  posterior  roots  of  the  spinal  nerves. 

The  branches  of  communication  only  exist  in  certain  parts 
of  the  spine,  viz.,  dorsal,  sacral,  and  upper  cervical.  Hence 
they  have  been  divided  into  three  groups  distinguished  from 
each  other  by  the  position  of  their  outflow  and  their  mode  of 
distribution — 

I,  Dorsal  Group. — The  main  outflow  of  sympathetic  fibers 
from  the  cord  takes  place  through  the  roots  of  the  spinal 
nerves  from  the  2d  dorsal  to  the  2d  lumbar,  inclusive. 


5fr2  MANUAL  OF   PHYSIOLOGY. 

They  are  more  abundant  in  the  upper  dorsal  region  (2d 
Sth  dorsal  nerves),  where  the  white  rami  communicantes  i 
seen  by  the  naked  eye  to  be  large.  Most  of  these  fibers  m 
be  traced  upward  to  the  cervical  region  ;  many  of  them  pi 
directly  through  the  lateral  ganglion  to  reach  the  great  upj 
ganglion  in  the  neck. 

In  the  lower  part  of  the  back  (6th  dorsal  to  the  2d  luml 
nerve  roots)  the  fibers  are  fewer  in  number,  the  whit^  comnc 
nicating  branches  are  smaller  and  join  the  dorsal  ganglia 
form  the  dorsal  chain.  Branches  from  the  several  dor 
ganglia  converge  to  form  the  splanchnic  nerves  which  pi 
into  the  abdominal  cavity. 

2.  Sacral  Group. — The  next  group  begin  considerably  be! 
the   last.      They  pass   out  by  the    roots    of    the    2d    and 
sacral  nerves.     The  fibers  of  this  sacral  outflow  have  no  cc 
nection  with  the  lateral  ganglia,  but  run  straight  to  the  c 
lateral  hypogastric  plexus  as  the  so-called  nervi  erigentes. 

3.  Cervico-cranial  Group. — These  arise  mainly  from  the  ro^ 
of  the  spinal  accessory,  and  pass  from  that  nerve  to  the  gangli 
of  the  trunk  of  the  vagus.  Small  fibers  are  also  found  in  I 
roots  of  the  vagus  and  glosso-pharyngeal  nerves.  The  fibers 
this  group  are  distributed  to  the  viscera  by  the  branches 
the  vagus. 

Functions. 

Our  knowledge  of  the  functions  of  the  sympathetic  roots 
limited  almost  exclusively  to-  those  of  the  efferent  fibers.  Tl 
may  be  divided  into  three  classes,  which  are  supplied — 

1.  To  the  muscles  of  the  blood-vascular  system. 

2.  To  the  muscles  of  the  hollow  viscera. 

3.  To  the  secreting  glands. 

The  vaso-motor  system — with  which  we  may  group  the  inn 
vation  of  the  heart — may  be  divided  into  two  antagonistic  set! 

1.  Vaso-constrictor  and  cardio-accelerator. 

2.  Vaso-dilator  and  cardio-inhibitory. 

The  constrictor  and  accelerator  fibers  all  leave  the  cord  in  : 
dorsal  region  by  the  anterior  roots  of  the  spinal,  nerves  fr 
the  2d  dorsal  to  the  2d  lumbar,  and  join  the  lateral  chain 
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ganglia  (vaso- motor  ganglia,  Gaskell).  When  the  fine  medul 
lated  fibers  of  which  they  are  formed  join  the  cells  in  the 
ganglia  they  lose  their  medullary  sheath,  increase  in  number, 
and  proceed  to  their  distribution  as  fine  non-meduUated  fila- 
ments. Those  destined  for  the  head  and  upper  limbs  strean: 
upward ;  those  for  the  abdominal  viscera  pass  along  the  dorsa 
chain  and  thence  into  the  splanchnics,  and  those  for  the  lowei 
limbs  run  along  the  lumbar  chain  to  reach  the  lurabo-sacra! 
plexus  and  the  large  blood-vessels. 

The  cardio-accelerator  fibers  join  the  upper  part  of  the  dorsa! 
sympathetic  chain  and  run  up  to  the  stellate  ganglion,  wherf 
they  enter  the  cells  and  lose  their  medullary  sheath,  thence 
passing  as  fine  non-meduUated  fibers  to  the  heart. 

Inhibitory  fibers  (vaso-dilator  nerves)  are  no  doubt  suppliec 
to  the  blood-vessels  in  all  parts  of  the  body,  but  their  course  ii 
only  known  in  a  few  cases,  viz.,  the  nervi  erigentes,  the  chords 
tympani,  and  the  small  petrosal  nerve.  With  these  may  b< 
enumerated  the  -cardio-inhibitory  fibers,  which  come  from  thf 
spinal  accessory  root  and  join  the  vagus.  It  is  seen  fron 
this  that  none  are  known  to  leave  the  spinal  cord  with  th( 
dorsal  outflow  of  sympathetic  fibers,  but  that  they  are  re 
stricted  to  the  upper  cervical  and  the  sacral  regions. 

The  inhibitory  fibers  do  not  join  the  cells  of  the  latera 
ganglia,  but  pass  on  as  medullated  fibers  to  the  more  distan 
collateral  ganglia.  Thus  the  cardio-inhibitory  pass  through  th< 
ganglion  trunci  vagi  along  the  vagus  to  Bidder's  ganglion  ir 
the  heart,  where  they  lose  their  medullary  sheath.  The  chords 
tympani,  at  the  submaxillary  ganglion,  consists  mainly  of  fine 
medullated  fibers.  The  nervi  erigentes  also  carry  their  medul 
lary  sheath  nearly  to  their  termination  through  the  hypogastric 
plexus. 

The  visceral  fibers  may  also  be  divided  into  motor  and  inhibi 
tory  sets. 

The  viscero-motor  nerves  seem  to  leave  the  spinal  cord  in  al 
of  the  three  outflows.  Those  for  the  upper  part  of  the  alimen 
tary  canal  come  by  the  vagus,  those  for  some  abdominal  and  al 
the  pelvic  viscera  from  the  dorsal  and  sacral  regions.     Thei: 
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arrangement  and  course  must  be  said  to  be  undetermined,  bei 
still  under  examination. 

The  viscero-inhibitory  are  also  supposed  to  pass  by  all  thi 
outflows  from  the  cord.  They  lose  their  medullary  sheath 
the  distal  ganglia.  Our  knowledge  concerning  them  is  ve 
imperfect. 

Glandular  nerves  doubtless  are  supplied  to  each  secreti 
organ,  but  our  knowledge  on  the  subject  is  restricted  to  those 
the  salivary  glands,  particularly  those  of  the  sub-maxillary  a 
the  parotid  glands,  which  have  already  been  discussed  (pp.  i 
et  seq.").  In  these  cases  the  exciting  nerve  of  secretion  and  t 
inhibitory  nerve  for  the  blood-vessels  come  from  the  cervic 
cranial  outflow  and  reach  the  gland  by  the  chorda  tympai 
The  fibers  which  cause  constriction  of  the  blood-vessels  of  t 
gland  are  accompanied  by  fibers  from  the  dorsal  cord  passii 
along  the  cervical  sympathetic,  which  inhibit  the  gland  cells. 

The  Ganglia  axe.  said  to  have  three  functions : — 

a.  To  stop  the  medullary  sheath  of  the  fibers  and  chani 
them  to  non-meduUated  fibers. 

p.  To  divide  the  fibers,  on  losing  their  medulla,  into  a  gre 
number  of  filaments. 

y.  To  exert  a  nutritive  influence  on  the  distal  part  of  t 
nerve,  and  through  it  on  the  tissue  to  which  it  is  distributed. 

Central  Connections. 

With  regard  to  the  central  connections  of  these  three  outflo 
of  sympathetic  fibers  from  the  cord,  it  may  here  be  mention 
that  each  corresponds  with  a  definite  set  of  nerve  cells  in  t 
gray  matter. 

The  elongated  spindle-shaped  collection  of  cells,  call 
Clarke' s  vesicular  column,  extends  from  the  second  dorsal  to  t 
second  lumbar  segments  of  the  spinal  cord — the  region  fro 
which  the  great  vaso-constrictor  and  viscero-motor  outflow  tak 
place.     (See  under  Spinal  Cord.) 

A  series  of  cells  known  as  Stilling' s  sacral  nucleus  occupies 
position  in  the  cord  corresponding  with  the  second  and  thi 
sacral  segment,  whence  springs  the  lower  sympathetic  outflow. 
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Similarly  a  cell-tract  can  be  traced  from  the  second  segment 
of  the  cervical  cord  upward,  to  be  lost  in  the  vagal  nucleus. 

The  above  and  other  facts  have  suggested  that  these  nerve 
groups  are  the  centers  from  which  at  least  some  functional  sets 
of  sympathetic  fibers  take  their  origin. 
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CHAPTER  XXIX. 


SPECIAL  SENSES. 


It  has  been  pointed  out  that  sensory  nerves,  receiving 
pressions  at  the  surface  of  the  body,  carry  impulses  to  ne 
cells  in  the  brain,  where  they  give  rise  to  sensation.  The  affer 
nerves  are  the  channels  by  which  the  mind  becomes  acquain 
with  occurrences  in  the  outer  world,  and  by  which  impulses  ] 
to  the  reflex  nerve  centers. 

The  ordinary  sensory  nerves  are  affected  at  the  surface 
slight  mechanical  and  thermal  stimuli.  But  we  can  apprec: 
many  other  impressions  besides  those  excited  by  the  ordin 
sensory  nerves.  We  feel  the  character  of  a  surface  by  tou 
and  we  distinguish  between  degrees  of  heat  and  cold,  when 
difference  is  far  too  slight  to  act  as  a  direct  nerve  stimulus, 
can  appreciate  light,  of  which  no  degree  of  intensity  is  capa 
of  exciting  a  nerve  fiber  to  its  active  state.  We  recognize 
delicate  air  vibrations  called  sound,  which  have  no  effect  on 
ordinary  nerve  ending.  We  can  also* distinguish  several  tas 
which  we  can  only  recognize  by  the  tongue.  And  we  perce 
odors  when  the  amount  of  substance  is  too  small  to  be  recogni 
even  by  the  delicate  test  of  spectrum  analysis.  Special  mech 
isms  must  exist  by  means  of  which  heat,  light,  sound,  tas 
and  odor  are  enabled  to  act  as  nerve  stimuli.  These  ne 
terminals  are  known  as  the  special  sense  organs,  the  physioh 
of  which  is  at  the  same  time  the  most  difficult  and  most  ini 
esting  branch  of  study  in  Biological  Science. 

The  nerve  fibers  connected  with  special  sense  organs  do 
differ  from  other  nervous  cords.  But  they  connect  the  spe 
peripheral  end  organs  with  nerve  cells  in  the  brain,  the  s 
duty  of  which  is  to  receive  special  impulses  and  distribute  th 
so  that  they  may  cause  a  special  sensation.  By  whatever  me 
a  nerve   trunk   from   a  special  sense  organ  be  stimulated, 
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impulse  excites  the  sensation  usually  arising  from  stimulation  of 
the  organ  to  which  it  belongs.  Thus  electric  stimulation  of 
nerves  in  the  tongue  causes  a  certain  taste  ;  mechanical  or  other 
stimulation  of  the  optic  nerve  trunk  gives  rise  to  the  sensation  of 
flashes  of  light,  and  the  sensation  of  an  odor  may  be  caused  by 
the  presence  of  a  bony  growth  pressing  upon  the  olfactory 
nerve. 

The  power  of  a  nerve  center  connected  with  a  nerve  of 
special  sense  to  give  rise  to  a  specific  sensation  is  called  its 
specific  energy.  And  the  influence,  light,  sound,  etc.,  which 
the  given  terminal  alone  can  convert  into  a  nerve  stimulus,  is 
called  its  specific  or  adequate  stimulus. 

Although  we  habitually  think  of  the  sensation  as  if  coming 
from  without,  it  really  arises  only  in  the  centers  in  the  brain; 
Thus  we  say  we  feel  with  our  skin,  hear  with  our  ears,  and  see 
with  our  eyes,  etc.,  whereas  these  are  only  the  parts  from  which 
the  nerve  impulses,  giving  rise  to  the  specific  energy,  pass  to 
the  feeling,  hearing,  or  seeing  regions  of  our  cerebral  cortex. 
The  peripheral  localization  of  cutaneous  sensations  is  accom- 
plished in  the  mind,  just  as  by  a  mental  act  of  a  diff'erent 
character  the  impressions  communicated  by  the  eye  are  pro- 
jected into  the  space  about  us,  in  our  thoughts,  instead  of  being 
referred  to  the  retina,  or  thought  of  as  being  in  the  eye  itself. 
This  power  of  the  sensorium  to  localize  impressions  to  certain 
points  of  the  skin,  and  to  project  into  space  the  stimulation 
caused  by  the  light  reflected  from  distant  objects,  so  as  to  get  a 
distinct  and  accurate  idea  of  their  position,  is  the  result  of 
experience  and  habit,  which  teach  each  individual  that  when  a 
certain  sensation  is  produced  it  means  the  stimulation  of  a 
certain  point  of  the  skin,  and  that  the  objects  we  see  are  not  in 
our  eyes,  but  at  a  distance  from  us.  We  learn  this  from  a  long 
series  of  unconscious  experiments  carried  on  in  our  early  youth 
by  movements  of  the  eyes  with  cooperation  of  the  hands. 
Even  the  sensations  which  arise  in  the  various  centers  of  the 
sensorium,  as  the  result  of  internal  or  central  excitations,  are 
from  habit  attributed  to  external  influences,  and  thus  we  have 
various  hallucinations  and  delusions,  such  as  seeing  objects  or 
48 
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hearing  sounds  which  may  only  depend  on  the  excitation 
certain  groups  of  cells  in  the  cortex  of  the  brain. 

The  sensations  produced  in  our  nerve  centers  as  the  resuli 
impulses  coming  from  our  special  sense  organs  give  rise  t 
perception.  Each  perception  helps  to  make  up  our  knowlec 
of  the  outer  world  and  of  ourselves.  Without  this  powei 
perception  we  could  have  no  notion  of  our  own  existence  £ 
no  idea  of  our  surroundings ;  in  fact,  we  should  be  cut  off  fr 
all  sources  of  knowledge,  and  be  idiots  by  deprivation  of 
intelligence  from  without. 

A  complete  special  sense  apparatus  may  be  said  to  be  m; 
up  of  the  following  parts  : — 

1.  A  special  nerve  ending  only  capable  of  being  excited  b 
special  adequate  stimulus. 

2.  An  afferent  nerve  to  conduct  the  impulses  from  the  spec 
end  organ  to  the  nerve  center. 

3.  Central  nerve  cells,  capable  by  specific  energy  of  translat 
the  nerve  impulse  into  a  sensation,  which  is  co  mraonly  refer: 
to  some  local  point  of  the  periphery. 

4.  Associated  nerve  c 
Fig.  196.  ters,  capable  of  perceiv 

the  sensations,  fornii 
notions  thereon,  and  dn 
ing  conclusions,  from 
present  and  past  perc( 
tions,  as  to  the  intensi 
position,  quality,  etc., 
the  external  influence. 

Skin  Sensations. 

The  sensations    arisi 

from  the  skin  may  be 

solved   into  a   number 

different  qualities  of  sen 

tion.     These  are:  (i)  Sensation  oi pain,  not  usually  includ 

under  the  special  sense  of  touch ;  (2)  Tactile  Sensation  prop 

by  means  of  which  we  judge  of  the  surface  and  form  of  bodie 


Drawing  from  a  Section  of  Injected  Skin,  show- 
ing three  papillse,  the  central  one  containing  a 
tactile  corpuscle,  a,  which  is  connected  with 
a  medullated  nerve,  and  those  at  each  side  are 
occupied  by  vessels.    [^Cadiat^ 
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(3)  sense  of  locality,  by  which  the  position  of  the  stimulus  is 
determined ;  (4)  the  sense  of  pressure,  by  which  the  force  used 
is  appreciated  ;  and  (5)  the  sense  of  temperature. 

The  variety  of  perceptions  derived  from  the  cutaneous  surface, 
and  the  large  extent  of  surface  capable  of  receiving  impressions, 
make  the  skin  the  most  indispensable  of  the  special  sense  organs, 
though  we  value  this  source  of  our  knowledge  but  little.  If  we 
could  not  place  our  hands  as  feelers  on  near  objects  to  investigate 
their  surfaces,  etc.,  we  should  lose  an  important  source  of  infor- 
mation that  has  contributed  largely  to  our  visual  judgment.  For 
we  know  by  the  look  of  a  thing  only  what  we  originally  learned 
by  feeling  it.  If  our  conjunctiva  did  not  feel,  we  should  miss 
its  prompt  warning,  and  our  voluntary  movements  could  not 
protect  our  eyes  from  many  unseen  injuries  that  normally  never 
trouble  us.  If  the  skin  were  senseless  it  would  require  constant 
mental  effort  to  hold  a  pen,  and  our  power  of  standing  and  walk- 
ing would  be  most  seriously  impaired.  And  how  cut  off  from 
the  changes  in  the  outer  world  should  we  be  were  we  incapable 
of  feeling  heat  and  cold  ! 

Nerve  Endings. 

Although  the  end  organs  of  the  nerves  of  the  skin  are  4he 
simplest  of  all  those  belonging  to  the  apparatus  of  special  sense, 
yet  we  have  a  very  imperfect  knowledge  of  their  immediate 
relationships  to  the  different  qualities  of  touch  impressions.  We 
know  of  several  different  nerve  endings  apparently  adapted  to 
the  reception  of  certain  impressions,  but  of  the  exact  kinds  of 
stimuli  that  affect  these  different  terminals  we  are  ignorant. 

The  peripheral  terminals  of  the  sensory  nerves,  like  the  other 
special  sense  organs,  are  usually  composed  of  modified  epithelial 
cells,  into  close  relation  to  which  the  axis  cylinders  of  nerves 
can  be  traced.     They  may  be  thus  enumerated  : — 

I.  The  Touch-corpuscles  (Meissner)  are  egg-shaped  bodies 
situated  in  the  papillae  of  the  true  skin,  underlying  directly  the 
epithelial  cells  of  the  rete  mucosum.  They  occupy  almost  the 
entire  papilla.  The  nerve  fibers  seem  to  be  twisted  around  the 
corpuscle  in  a  spiral  manner,  while  the  axis  cylinders  enter  the 
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body,  and  the  covering  of  the  nerve  becomes  amalgamated  w 
its  outer  wall.  The  touch-corpuscles  vary  in  size  in  differ 
parts  of  the  skin,  usually  being  larger  where  the  papillae 
which  they  lie  are  well  developed.  The  axis  cylinders  are  s 
to  end  in  swellings  called  tactile  cells. 

2.  End-bulbs  (Krause)  are  smaller  than  the  last,  and  are  I 
generally  distributed  over  the  surface  of  the  body,  being  loc 
ized  to  certain  parts.  They  are  chiefly  found  in  the  conjunct 
and  mucous  membranes  of  the  mouth  and  external  generat 
organs.     They  consist  of  a  little  vesicle  containing  some  fli 

Fig.  J97.  FjG.  198. 


End  Bulb  from  Human  Conjunctiva,  treated  Tactile  Corpuscles  from  a  Dui 

with    osmic    acid,  showing   cells   of  core.  Tongue,  containing  two  tat 

{Mongworth.)    a,  nerve  fiber;  b,  nucleus  oi  cells    between  which  lies 

sheath  ;  c,  nerve  fiber  within  core ;  d,  cells  oi  tactile  disc.    {Izquierdo,) 


and  a  few  large  nucleated  cells.  The  axis  cylinder  termina 
between  the  cells,  the  membrane  which  forms  the  vesicle  of  t 
bulb  being  fused  with  the  sheath  of  the  nerve.  Many  diffen 
shapes  and  varieties  of  these  bodies  have  been  described,  1 
there  seems  to  be  no  definite  morphological  or  physiologii 
distinction  between  the  varieties. 

3.  Touch-cells  (Merkel),  found  in  the  deeper  layers  of  f 
epidermis  of  man  as  well  as  in  the  tongues  of  birds,  are  lai 
cells  of  the  epithelial  type  with  distinct  nuclei  and  nuclec 
Frequently  they  are  grouped  together  in  masses  and  surround 
by  a  sheath  of  connective  tissue,  in  which  condition  th 
resemble  touch-corpuscles. 

4.  Free  Nerve  Endings  occur  on  the  surface  of  the  epithelii 
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of  the  mucous  membranes,  and  are  seen  on  the  surface  of  the 
cornea  (Cohnheim).  Here  delicate,  single  strands  of  nerve 
fibrils  can  be  seen  after  gold  staining,  passing  between  the 
epithelial  cells  and  ending  at  the  surface  in  very  minute  blunted 
points  or  knobs. 

Naked  nerve  fibrils  have  also  been  traced  into  the  deeper 
layers  of  the  epidermis  of  the  skin,  where  they  end  among  the 
soft  cells  of  the  mucous  layer,  either  in  branched  cell-like  bodies 
(Langerhans)  or  delicate  loops  (Ranvier). 

Fig.  199. 


Drawing  of  Termination  of  Nerves  on  tlie  Surface  of  the  Rabbit's  Cornea,  a,  nerve  fiber 
of  sub-epithelial  networlc;  li,  fine  fibers  entering  epithelium;  c,  intra-epithelial  net- 
worlc.    (Klein  ) 


In  .the  subcutaneous  fat  tissue  and  in  parts  remote  from  the 
surface  some  sensory  nerves  terminate  in  large  bodies,  easily 
visible  to  the  naked  eye,  called — 

5.  Pacinian  Corpuscles.  They  are  ovoid  bodies  made  up  of 
a  great  number  of  concentrically  arranged  layers  of  material, 
of  varying  consistence,  with  a  collection  of  fluid  in  the  center, 
in  which  an  axis  cylinder  ends.  There  is  no  doubt  that  they 
are  the  terminals  of  afferent  nerves,  but  if  they  are  connected 
with  the  sense  of  touch,  which  is  doubtful  from  their  distribu- 
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tion  in  several  deep-seated  organs,  it  is  unknown  to  what  specii 
form  of  sensation  they  are  devoted.  From  their  comparative! 
remote  relation  to  the  skin,  lying  some  distance  beneath 
and  not  in  it,  like  the  other  endings  mentioned,  they  are  prol 
ably  connected  with  the  appreciation  of  pressure  sensation  rath( 
than  those  more  properly  called  tactile. 

Qualities  of  Sensation. 

The  sense  of  touch  is  distinguished  from  ordinary  sensibilit 
and  the  capability  of  feeling  pain,  which  is  a  general  sensatioi 
and  is  received  and  transmitted  by  different  nerve  channel 
This  we  know  from  the  facts,  (a)  that  pain  and  touch  are  appn 
ciated  with  different  keenness  in  various  parts ;  {p)  that  som 
mucous  membranes  can  receive  painful  but  not  tactile  impre; 
sions  (conjunctiva) ;  and  (i)  that  in  the  spinal  cord  the  sensor 
and  tactile  impulses  are  probably  conveyed  by  distinct  tracts 
{d')  Certain  narcotic  poisons  destroy  ordinary  sensation  withou 
removing  the  sense  of  touch.  This  effect  is  also  brought  abou 
by  cold ;  when  the  fingers  are  benumbed,  gentle  contact  excite 
tactile  impressions,  while  the  ordinary  sensations  of  pain  cai 
only  be  aroused  by  severe  pressure. 

Either  touch  or  pain  sensations  may  be  cut  off  by  disease,  in 
dependently  of  each  other. 

Tactile  Sense. 

The  intensity  of  the  stimulation  for  the  sense  of  touch  must  b 
kept  within  certain  limits  in  order  to  be  adequate,  i.e.,  capabl 
of  exciting  the  specific  mental  perceptions.  If  the  stimulu 
exceeds  these  limits,  only  a  general  impression,  approaching  tha 
of  pain,  is  produced. 

The  power  of  forming  judgments  by  touch  differs  very  muc" 
in  different  parts  of  the  body,  being  generally  most  keen  wher 
the  surface  is  richest  in  touch  corpuscles,  namely,  the  palma 
aspect  of  the  hands  and  feet,  and  especially  the  finger-tips 
tongue,  lips,  and  face. 

When  we  feel  a  thing  in  order  to  learn  its  properties,  w 
make  use  of  all  the  qualities  of  which  our  sense  of  touch  is  mad 
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up.  We  estimate  the  number  of  points  at  which  it  impinges  on 
our  finger-tips,  rub  it  to  judge  of  smoothness,  press  it  to  find 
out  its  hardness,  and  at  the  same  time  gain  some  knowledge  of 
its  temperature  and  power  of  absorbing  heat. 

To  get  a  clear  idea  of  our  complex  sense  of  touch  we  must 
consider  each  kind  of  impression  separately. 

Sense  of  Locality. 

By  this  is  meant  our  power  of  judging  the  exact  position  of 
any  point  or  points  of  contact  which  may  be  applied  to  the  skin. 
Thus,  if  the  point  of  a  pin  be  gently  laid  on  the  skin  we  know 
at  once  where  we  are  touched,  and  if  a  second  pin  be  applied  in  the 
same  neighborhood  we  feel  the  two  points  of  contact  and  can 
judge  of  their  relative  position. 

The  delicacy  of  the  sense  of  locality  differs  very  much  in  dif- 
ferent parts  of  the  skin.  It  is  most  accurate  in  those  parts  which 
have  been  used  as  touch  organs  during  the  slow  evolution  of  the 
animal  kingdom. 

The  method  of  testing  the  delicacy  of  the  sense  of  locality  is 
that  of  applying  the  two  points  of  a  blunt  compass  to  different 
parts  of  the  skin,  and,  by  varying  their  position,  experimentally 
determine  the  nearest  distance  at  which  the  two  points  give  rise 
to  distinct  sensations.  The  following  precautions  must  be  at- 
tended to  in  carrying  out  this  experiment:  i.  The  points  must 
be  simultaneously  applied,  or  two  distinct  sensations  will  be  pro- 
duced at  abnormally  small  distances.  2.  The  force  with  which 
the  points  are  applied  must  be  equal  and  minimal,  because  ex- 
cessive pressure  causes  a  diffusion  of  the  stimulus  and  a  blurring 
of  the  tactile  sense.  3.  Commencing  with  a  wide  interval  and 
gradually  reducing  the  distance  of  the  points  enables  a  person 
to  appreciate  a  less  separation  than  if  the  smaller  distances  were 
used  at  first.  4.  The  duration  of  the  stimulus ;  two  points  of 
contact  being  distinguished  at  a  much  nearer  distance  if  the 
points  be  allowed  to  rest  on  the  part  than  when  they  are  only 
applied  for  a  moment.  5.  The  temperature  and  material  of  the 
points  should  be  the  same.  6.  Moisture  of  the  surface  makes  it 
more  sensitive.     7.  Previous  or  neighboring  stimulation   takes 
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from  the  accuracy  of  the  sensations  produced.  8.  The  ten 
perature  of  the  different  parts  of  the  skin  should  be  equal,  i 
cold  impairs  its  sensibility. 

The  following  table  gives  approximately  the  nearest  distanc( 
at  which  some  parts,  which  may  be  taken  as  examples  of  tl 
more  and  less  sensitive  regions  of  the  skin,  can  recognize  tl 
points  of  contact  by  their  giving  rise  to  two  distinct  sensi 
tions : — 

Tip  of  the  tongue, .       i  mm. 

Palmar  aspect  of  the  middle  finger-tip,  .            .  2  " 

Tip  of  the  nose, .      4  " 

Back  of  the  hand, .     15  " 

Plantar  surface  of  great  toe, 18  " 

Forearm,  anterior  surface,    ...            .            .  40  " 

Front  of  thigh, ■    SS  " 

Over  ensiform  Cartilage,  .                    .                .  50  " 

Between  scapulse,  .        .                   ....  70  " 

If  one  point  of  the  compass  be  kept  at  the  same  spot,  and  th 
other  moved  round  so  as  to  mark  out,  in  different  directions,  th 
limit  at  which  the  two  points  can  be  distinguished  as  separate 
we  get  an  area  of  a  somewhat  circular  form,  for  which  the  nam 
sensory  circle  has  been  proposed.  It  would  be  convenient  to  ej 
plain  this  on  the  simple  anatomical  basis  that  the  impressions  c 
this  area  were  carried  by  one  nerve  fiber  to  the  brain,  and  thu 
but  one  sensation  could  be  produced  in  the  sensorium.  W 
know  this  cannot  be  the  true  explanation,  from  the  foUowin 
facts:  I.  No  such  anatomical  relationship  is  known  to  exist.  2 
By  practice  we  can  reduce  the  area  of  our  sensory  circles  in 
manner  that  could  not  be  explained  by  the  development  of  nc 
nerve-fibers.  3.  If  the  two  points  of  the  compass  be  place 
near  the  edges  of  two  well-determined  neighboring  sensory  circlei 
and  so  on  in  relation  with  the  terminals  of  two  nerve  fibers,  the 
will  not  give  distinct  impressions ;  they  require  to  be  separate 
as  much  as  if  they  were  applied  within  the  boundary  of  one  ( 
the  circles  where  they  also  give  rise  to  the  double  perception. 

To  explain  better  the  sense  of  locality  it  has  been  suppose 
that  sensory  circles  are  made  up  of  numerous  small  areas,  forn 
ing  a  fine  mosaic  of  touch-fields,  each  of  which  is  supplied  by  on 
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nerve  fiber,  and  that  a  certain  number  of  these  little  fields  must 
intervene  between  the  stimulating  points  of  the  compasses  in  order 
that  the  sensorium  be  able  to  recognize  the  two  impulses  as 
distinct.  For  although  every  touch-field  is  supplied  by  a  separate 
nerve  fibril  which  carries  its  impulses  to  the  brain,  and  is  there- 
fore quite  sensitive,  the  arrangement  of  the  cells  in  the  sensorium 
is  such  that  the  stimuli  carried  from  two  adjoining  touch-fields 
are  confused  into  one  sensation.  Thus,  when  an  edge  is  placed 
on  our  skin,  we  do  not  feel  a  series  of  points  corresponding  to 
the  individual  fields  with  which  it  comes  in  contact,  but  the  con- 
fusion of  the  stimuli  gives  rise  to  an  uninterrupted  sensation,  and 
we  have  a  right  perception  of  the  object  touched. 

Sense  of  Pressure. 

The  differences  in  the  degree  of  pressure  exercised  by  a  body 
may  be  distinguished  from  the  simple  tactile  or  local  impression. 
If  we  support  a  part  of  the  body  so  that  no  muscular  effort  be 
called  into  play  in  the  support  of  an  increasing  series  of  weights 
placed  upon  the  same  area  of  skin,  we  can  distinguish  tolerably 
accurately  between  the  different  weights.  It  has  been  found  that 
if  a  weight  of  about  30  grams  be  placed  on  the  skin  a  difference 
of  about  I  gram  can  be  recognized — that  is,  we  can  distinguish 
between  29  and  30  grams  if  they  are  applied  soon  after  one 
another.  If  the  weights  employed  are  smaller,  a  less  difference  can 
be  detected  ;  if  larger  weights  are  used,  the  difference  must  be 
greater,  and  it  appears  that  the  weight  difference  always  bears  the 
same  proportion  to  the  absolute  weight  used.  We  can  perceive 
a  difference  between  7^  and  7j^,  14)^  and  15,  29  and  30,  58 
and  60,  etc.,  the  discriminating  power  decreasing  in  proportion 
as  the  absolute  degree  of  stimulation  increases. 

One  of  the  reasons  why  the  sense  of  pressure  is  regarded  as 
distinct  from  that  of  locality  is,  that  the  former  is  found  not  to 
be  most  keenly  developed  in  the  parts  where  the  impressions  of 
locality  are  most  acute.  This  judgment  of  pressure  can  be  more 
accurately  made  with  the  skin  of  the  forearm  than  the  finger-tip, 
which  is  nine  times  more  sensitive  than  the  former  to  ordinary 
tactile  impressions,  while  the  skin  of  the  abdomen  has  an 
49 
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accurate'sense  of  pressure,  though  dull  to  ordinary  tactile  sensi 
tion. 

It  has  been  said  above  that  the  weights  by  which  pressu: 
sense  is  to  be  tested  should  be  applied  rapidly  one-after  the  othe 
This  fact  depends  upon  the  share  taken  in  the  mental  judgmei 
by  the  function  we  call  memory.  In  a  short  time  the  recolla 
tion  of  the  impression  passes  away,  and  there  no  longer  exists  an 
sensation  with  which  the  new  stimulation  can  be  compared. 

At  best  we  can  form  but  imperfect  judgments  of  pressure  b 
the  skin  impressions  alone.  When  we  want  to  judge  the  weigl 
of  a  body  we  poise  it  in  the  free  hand,  which  is  moved  up  an 
down  so  as  to  bring  the  muscles  which  elevate  it  into  repeate 
action.  Hereby  we  call  into  action  a  totally  different  evidence 
namely,  the  amount  of  muscle  power  required  to  raise  the  weigl 
in  question,  and  we  find  we  can  arrive  at  much  more  accural 
conclusions  by  this  means.  The  peculiar  recognition  of  hoi 
much  muscular  effort  is  expended  is  commonly  spoken  of  s 
muscle  sense,  which  may  arise  from  a  knowledge  of  how  muc 
voluntary  impulse  is  expended  in  exciting  the  muscles  to  actior 
but  more  probably  it  depends  upon  afferent  impulses  arriving  £ 
the  sensorium  from  the  muscles.  By  its  means  we  aid  the  pre! 
sure  sense  in  arriving  at  accurate  conclusions  of  the  weight  c 
bodies,  so  that  in  the  free  hand  we  can  distinguish  between  3 
grams  and  40  grams. 

Temperature  Sense. 
We  are  able  to  judge  of  the  difference  in  temperature  of  bodie 
which  come  in  contact  with  our  skin.  Since  our  sensations  hav 
no  accurate  standard  for  comparison  we  are  unable  to  form  an 
exact  conception  of  the  absolute  temperature  of  the  substance 
we  feel.  The  sensation  of  heat  or  cold,  derived  from  the  ski 
itself,  without  its  coming  into  contact  with  anything  but  air  ( 
moderate  tempetature,  varies  considerably,  and  the  judgment  c 
temperature  therefore  must  be  imperfect.  The  skin  feels  he 
when  its  blood-vessels  are  full ;  it  feels  cold  when  they  are  con; 
paratively  empty.  An  object  of  constant  temperature  can  thi 
give  the  impression  of  being  hot  or  cold  according  as  the  ski 
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itself  is  full  or  empty  of  warm  blood.  But  any  change  in  the 
temperature  of  its  surroundings  causes  a  sensation  of  change  of 
temperature,  which  is,  however,  a  purely  relative  judgment. 
Thus,  if  the  hand  be  placed  in  cold  water,  we  have  at  first  the 
sensation  of  cold  ;  to  which,  however,  the  skin  of  the  hand  soon 
becomes  accustomed  and  no  longer  feels  cold ;  if  now  the  hand 
be  placed  in  water  somewhat  warmer — but  not  higher  in  tempera- 
ture than  the  atmosphere — we  have  a  feeling  of  warmth.  If  the 
hand  be  placed  in  as  hot  water  as  the  skin  can  bear,  it  feels  at  first 
unpleasantly  hot,  but  this  feeling  soon  passes  away  and  the  sensa- 
tion is  comfortable.  If  from  this  hot  water  it  be  placed  again  in 
the  water  of  the  air  temperature,  this — which  before  felt  warm —  , 
feels  very  cold. 

An  important  item  in  the  estimation  of  the  temperature  of  an 
object  by  the  skin  depends  upon  whether  it  be  a  good  or  a  bad 
conductor  of  heat.  Those  substances  which  are  good  con- 
ductors, and  therefore,  when  colder  than  the  body,  quickly  rob 
the  skin  of  its  heat,  are  said  to  feel  cold,  whilst  badly-conduct- 
ing bodies,  of  exactly  the  same  temperature,  do  not  feel  cold. 
It  is  then  the  rapid  loss  of  heat  that  gives  rise  to  the  sensation 
of  cold. 

The  power  of  the  skin  in  recognizing  changes  of  temperature 
is  very  accurate,  although  the  power  of  judging  of  the  absolute 
degree  of  temperature  is  very  slight. 

By  dipping  the  finger  rapidly  into  water  of  varying  tempera- 
ture it  has  been  found  that  the  skin  can  distinguish  between  tem- 
peratures which  differ  by  only  )(°  Cent,  or  )4°  Fahr.  The  time 
required  for  the  arrival  of  temperature  impressions  at  the  brain 
is  remarkably  long  when  compared  with  the  rate  at  which  ordi- 
nary tactile  impulses  travel.  To  judge  satisfactorily  of  the  tem- 
perature of  an  object  we  must  feel  it  for  some  time. 

There  must  be  special  nerve-endings  which  are  capable  of 
receiving  thermic  impressions,  because  heat  or  cold  applied  to 
the  nerve  fibers  are  not  capable  of  giving  rise  to  these  sensations. 
If  a  small,  smooth  metallic  point,  at  an  even  temperature  (slightly 
above  or  below  the  normal  body  heat),  be  moved  very  gently 
and  slowly  over  the  surface  of  the  skin,  some  parts  feel  no  tem- 


578  MANUAL  OF  PHYSIOLOGY. 

perature  change,  some  feel  only  increased  heat,  and  others  onli 
cold.  These  "  cold-  "  and  "  heat-perceiving  "  areas  are  said  t( 
possess  different  kinds  of  nerve  terminals,  the  distribution  o 
which  is,  in  the  main,  similar  in  different  individuals. 

These  nerve  endings  are  not  the  same  as  those  that  receiv( 
touch  and  pressure  impressions,  because  the  appreciation-  of  dif 
ferences  of  temperature  is  very  delicately  developed  in  the  part 
where  the  tactile  sensations  are  not  most  acute.  Thus  th( 
cheeks  and  the  eyelids  are  especially  sensitive  to  changes  o 
temperature,  a  fact  known  to  the  barber  who  approaches  th( 
curling  tongs  to  his  cheek  to  measure  its  temperature.  Th( 
middle  of  the  chest  is  very  sensitive  to  heat,  while  it  is  dull  ii 
feeling  tactile  impressions.  In  the  hand  heat  appreciation  is  no 
developed  in  a  due  proportion  to  the  keenness  of  its  tactile  sen 
sibility.  The  larger  the  surface  exposed  to  changes  of  tempera 
ture  the  more  accurate  the  judgment  at  which  we  can  arrive — 
the  slightest  changes  being  at  once  recognized  when  the  entin 
surface  of  the  body  is  exposed  to  them.  The  foregoing  facti 
are  well  known  to  persons  in  the  habit  of  testing  the  tempera 
ture  of  a  warm  bath  without  the  aid  of  a  thermometer ;  they  dc 
not  use  the  limited  surface  of  a  sensitive  tactile  finger-tip,  bu 
plunge  the  entire  arm  into  the  water. 

Great  extremes  of  heat  or  cold,  such,  in  fact,  as  would  act  a 
stimuli  to  a  nerve  fiber,  do  not  give  rise  to  sensations  of  differ 
ent  temperatures,  but  simply  excite  feelings  of  pain.  Thus,  i 
we  plunge  our  hand  into  a  freezing  mixture  or  into  extremeb 
hot  water,  it  is  difficult  to  say  at  once  whether  it  be  hot  or  cole 
— in  both  cases  pain  being  the  only  sensation  produced. 

General  Sensations. 

We  call  general  sensations  those  feelings,  pleasurable  or  other 
wise,  which  can  be  excited  without  our  being  able  to  refer  then 
to  external  objects,  compare  their  sensation  with  those  of  .  thi 
special  senses,  or  even  describe  their  exact  mode  of  perception 
Under  this  head  are  enumerated  Pain,  Hunger,  Thirst,  Nausea 
Giddiness,  Shivering,.  Titillation,  Fatigue,  etc. 

Of  these  only  pain  can  be   referred   to   its  origin,  but  th 
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attempt  to  localize  pain  with  exactness  soon  shows  how  very- 
different  is  our  power  in  the  case  of  pain  and  in  the  case  of 
tactile  impressions.  Thus  when  we  strike  our  "funny-bone" 
(the  ulnar  nerve  passing  over  the  condyle  of  the  humerus),  the 
locality  of  the  pain  is  not  exactly  to  be  determined,  for  it  shoots 
down  the  arm  to  the  little  finger,  and  is  indefinitely  spread  over 
the  region  to  which  the  nerve  is  distributed. 

In  studying  the  laws  which  govern  the  perception  of  painful 
impressions  we  must  make  the  experiments  upon  ourselves,  since 
we  alone  can  form  conclusions  from  the  sensations  produced. 

The  best  way  to  carry  out  experiments  upon  pain  is  to  use 
extremes  of  temperature,  as  we  can  thus  graduate  the  stimu- 
lation. 

The  application  of  a  liquid  over  50°  C,  or  below  2°  C, 
causes  pain.  The  suddenness  of  application  to  the  part,  its 
duration,  and  the  '  extent  of  surface,  as  well  as  the  previous 
temperature,  have  important  influence  on  the  amount  of  pain 
produced. 

The  variation  in  character  of  pain  seems  to  be  related  in  some 
way  to  the  mode  of  its  production,  but  we  are  unable  to  assign 
any  definite  cause  for  these  differences.  Such  terms  as  shooting, 
stabbing,  burning,  throbbing,  boring,  racking,  dragging  pain,  are 
frequently  used,  and  may  be  of  diagnostic  value,  but  we  have 
only  an  indistinct  knowledge  that  throbbing  depends  on  exces- 
sive vascular  distention  in  a  part,  that  sharp  pains  are  produced 
by  sudden  excitation  of  a  nerve,  and  the  dull  pains  by  the  more 
permanent  stimulation  of  a  part  less  well  supplied  with  nerves. 

Further,  the  pain  we  suffer  is  a  complex  mental  process,  made 
up  of  many  items,  of  which  real  sensory  impressions  form  but  a 
small  part.  When  a  part  is  to  be  lanced,  patients  often  cry  out 
most  loudly  before  they  are  touched  with  the  knife,  and  show 
intense  feeling  when  they  look  at  the  blood  flowing  from  the 
wound,  though  their  mental  emotion  made  the  real  pain  imper- 
ceptible. 

Hunger  and  thirst  are  peculiar  and  indefinite  sensations  which 
are  experienced  when  these  appetites  remain  unsatisfied.  The 
exact  part  of  the  nervous  system  in  which  these  impressions 
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arise  has  not  been  determined.  They  are,  however,  said  to  be 
associated  with  peculiar  sensations  in  the  stomach  and  throat 
respectively.  In  the  same  way  the  venereal  appetite,  though 
associated  with  local  sensations,  cannot  be  referred  to  any  one 
part  of  the  nervous  system. 

Nausea  is  also  a  sensation  which  cannot  be  attributed  to  any 
part  of  the  nervous  centers.  It  commonly  arises  in  response  to 
afferent  impulses,  from  nasal,  pharyngeal,  gastric,  or  other 
visceral  irritation.  It  is  antagonistic  to  the  appetites  just 
named.  All  the  sensations  that  give  rise  to  or  precede  nausea 
are  associated  in  our  minds  with  disagreeable  impressions, 
and  no  doubt  mental  operations  have  much  to  do  with  its 
production. 

Nausea  may  come  from  irregular  movement,  as  that  of  the  sea, 
but  sea-sickness  may  be  purely  emotional,  as  in  cases  where 
vomiting  begins  before  the  individual  goes  on  board. 

Certain  conditions  of  the  blood  flowing  through  the  nerve 
centers  also  cause  nausea,  as  when  certain  emetics  are  injected 
into  the  blood. 

Giddiness,  which  consists  of  a  feeling  of  inability  to  keep  the 
normal  balance,  is  often  produced  in  connection  with  the  last 
by  irregular  movements,  but  more  surely  by  a  rotatory  motion 
of  the  body.  Other  afferent  influences  may  give  rise  to  it,  viz., 
from  the  stomach,  in  some  cases  of  irritation  ;  from  the  eye, 
when  we  look  from  a  height ;  from  the  semicircular  canals  of 
the  ear,  by  rotation  of  the  body ;  and  also  from  starving  or 
poisoning  the  nerve  centers,  as  in  anemia  or  alcoholic  toxemia. 

Shivering  is  the  result  of  a  peculiar  nervous  effect  produced  by 
afferent  influences  of  an  unpleasant  kind ;  the  sudden  application 
of  cold  to  the  skin,  a  revolting  sight,  a  shrill  noise,  or  an 
intensely  nasty  taste — all  excite  a  nervous  condition  which  makes 
us  shiver. 

Titillation  follows  light  stimulation  of  certain  parts  of  the 
cutaneous  surfaces.  It  is  a  peculiar  general  sensation,  in 
moderation  not  disagreeable,  and  usually  accompanied  by  a 
tendency  to  meaningless  laughter  and  other  involuntary  reflex 
movements. 
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CHAPTER  XXX. 
TASTE  AND  SMELL. 

Sense  of  Taste. 

Next  to  the  sense  of  touch,  which  is  unevenly  distributed 
over  the  whole  cutaneous  surface,  taste  is  anatomically  the 
least  accurately  localized.  Though  confined  to  the  mouth,  its 
more  accurate  limitations  are  not  easily  fixed.  The  point,  sides, 
and  posterior  part  of  the  dorsum  of  the  tongue  can  appreciate 
tastes,  and  probably  parts  of  the  palate  also  have  the  power, 
but  in  a  much  less  degree.  Indeed,  though  "the  palate"  is 
often  spoken  of  as  if  it  were  the  seat  of  taste,  it  really  enjoys  an 
insignificant  share  of  this  function  compared  with  the  tongue. 

The  power  of  being  stimulated  by  various  tastes  is  not  re- 
stricted to  the  terminals  of  any  one  nerve,  but  is  shared  by  some 
of  those  of  at  least  three  trunks,  which  also  transmit  impulses 
arising  from  other  forms  of  stimulation.  The  glosso-pharyngeal 
division  of  the  8th  pair  sends  branches  to  the  posterior  part  of 
the  tongue,  which  are  no  doubt  connected  with  the  special  taste 
organs.  The  lingual  branches  of  the  5  th — commonly  called  the 
gustatory  nerves — have  also  terminals  capable  of  being  excited 
by  taste,  and  probably  some  fibers  of  the  chorda  tympani  are 
employed  in  this  function. 

Special  Organs. — In  the  furrows  around  the  circumvallate 
papillae,  and  also,  but  more  sparsely,  on  the  sides  of  the 
fungiform  papillae  of  the  tongue,  are  found  peculiar  organs 
called  "taste-buds"  or  "taste-goblets."  They  are  embedded 
in  the  stratified  epithelium,  with  the  cells  of  which  their  outer 
layers  are  intimately  connected.  They  are  flask-shaped  bodies, 
composed  of  concentric  series  of  modified  epithelial  cells  ar- 
ranged like  the  staves  of  a  barrel,  pinched  together  at  the 
base  and  at  the  free  surface,  where  they  closely  surround  the 
projecting  points  of  the   central  elements.     These  consist  of 
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nucleated  bars,  supposed  to  be  the  nerve  terminals.  The 
arrangement  somewhat  resembles  the  construction  of  a  ripe 
artichoke. 

Nerves  can  be  seen  entering  these  bodies,  and  are  in  all  pro- 
bability directly  connected  with  the  modified  epithelial  cells  of 
which  they  are  made  up.  The  relation  of  the  glosso-pharyngeal 
nerves  to  these  taste-buds  has  been  shown  by  the  fact  that  in 
the  rabbit  (in  which  animal  they  are  crowded  together  in  a 
special  organ  so  as  to  be  easily  found)  they  degenerate,  and  in 
a  few  months  disappear  after  one  of  these  nerves  has  been  cut. 


Fig. 


Section  through  Depression  between   Two   Circumvallate  Papillae,  showing  taste-buds. 
(Cadzai.) 
a,  fibrous  tissue  of  papillae  ;  d  and  c,  epithelial  covering  of  papilla ;  b,  taste-buds.    On 
the  right  a,  b  show  the  separate  cells  of  a  taste-bud. 


Tastes. — The  genuine  taste  sensations  are  very  few.  Much 
of  what  we  commonly  call  taste  depends  almost  exclusively 
upon  the  smell  of  the  substance,  and  we  usually  confuse  the 
impressions  derived  from  these  two  senses.  Many  of  the  comes- 
tibles, the  taste  of  which  we  most  prize,  have  really  no  taste, 
but  only  a  smell,  which  we  habitually  confound  with  taste, 
having  mingled  the  experience  obtained  from  the  two  senses. 
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Thus,  if  the  draft  of  air  be  carefully  excluded  from  the  nose, 
wine,  onions,  etc.,  may  easily  be  proved  to  have  no  taste. 
Hence  the  familiar  rule  of  holding  the  nose  adopted  in  taking 
medicine  with  a  nasty  "  taste."  The  different  tastes  have  been 
divided  into  four,  viz.,  sweet,  sour,  bitter,  and  salty,  under  some 
one  or  other  of  which  headings  all  our  tastes,  properly  so 
called,  would  naturally  fall.  Though  this  classification  has  no 
just  claim  to  being  a  chemical  one,  it  is  interesting  to  know  that 
each  taste  pretty  well  corresponds  to  a  distinct  group  of  sub- 
stances chemically  allied  one  to  the  other.  Thus,  acids  are  sour, 
alkaloids  are  bitter,  the  soluble  neutral  salts  of  the  alkalis  are 
salty,  and  polyatomic  alcohols,  as  glycerin,  grape-sugar,  etc., 
are  sweet. 

These  substances  probably  act  on  the  nerve  terminals  as 
chemical  stimuli,  because  they  must  be  in  solution  to  be  appre- 
ciated. If  solid  particles  be  placed  on  the  tongue  -they  must 
be  dissolved  in  the  mouth  fluid  before  they  can  excite  the  taste 
organs. 

In  order  to  explain  the  appreciation  of  the  different  tastes,  we 
may  imagine  that  there  are  different  kinds  of  terminals,  each  of 
which  is  or  is  not  influenced  by  various  substances  as  they  possess 
a  special  sweet,  sour,  bitter,  or  salt  energy.  From  these  different 
terminals  pass  fibers  bearing  impulses  to  certain  central  cells, 
each  of  which  is  capable  of  exciting  a  sweet,  sour,  bitter,  or 
salty  sensation,  as  the  case  may  be. 

Sense  of  Smell. 

The  numerous  delicate  nerves  which  pass  from  the  olfactory 
bulb  to  the  mucous  membrane  of  the  upper  and  part  of  the 
middle  meatus  of  the  nose  form  the  special  nerves  of  smell. 
When  certain  subtle  particles  we  call  odors  come  in  contact  with 
the  terminals  of  these  nerves  they  excite  impulses  which,  on  arriv- 
ing in  the  special  centers  of  the  brain,  give  rise  to  the  impres- 
sions of  smell. 

Anatomically  the  relations  of  the  olfactory  region  are  well 
defined.  Its  raucous  membrane  is  not  covered  with  motile  cilia, 
as  is  that  of  the  rest  of  the  nasal  cavity ;  it  is  less  vascular,  and 
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is  peculiarly  pigmented,  looking  yellow  to  the  naked  eye  wher 
compared  with  the  neighboring  membrane.  The  epithelial  cells 
are  elongated  into  peculiar  cylinders,  between  which  lie  longj 
thin  rods,  ending  on  the  surface  in  free  hair-like  processes.  The 
deeper  extremities  of  these  rod-shaped  filaments  expand  to  sur- 
round a  nucleus,  and  are  then  continued  into  a  network  of  fila- 
ments, into  which  prolongations  of  the  epithelial  cells  also  seem 
to  pass,  and  in  which  the  delicate  fibrils  of  the  olfactory  nerve 
can  be  traced.     The  existence  of  direct  communication  between 

Fig.  20I. 


Section  through  the  Mucous  Membrane  of  the  Nasal  Fossa  in  the  Level  of  the  Olfactory 

Region. 
a,  epithelial  cells  and  bundles  of  nerves ;  6,  glands  separated  from  each  other  by  bundles 

of  nerves,  c.     {Cadiai.) 


the  nerves  and  the  rod-shaped  filaments  and  the  epithelial  cells 
is  satisfactorily  established  in  some  animals. 

The  odorous  particles  must  be  in  the  form  of  gases,  in  order 
to  be  carried  by  the  air  into  the  olfactory  region,  and  the  air 
must  be  kept  in  motion,  by  sniffing  it  in  and  out  of  the  nasal 
cavity,  in  order  to  excite  the  nerve  terminals,  which  are  not 
influenced   by  the   odors  of  air  absolutely  at   rest,  though   it 
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be  in  contact  with  the  mucous  membrane  of  the  olfactor 
tract. 

The  extreme  delicacy  of  appreciation  of  odors  by  the  olfactor; 
nerve  terminals  is  very  remarkable.  Even  in  human  beings 
whose  sense  of  smell  is  but  poorly  developed  when  compare< 
with  that  of  animals,  an  amount  of  odorous  substance  can  bi 
perceived  which  the  finest  chemical  tests  fail  to  appreciate 
Thus  Valentin  has  estimated  that  the  two-millionth  of  a  milligran 
,of  musk  is  sufficient  to  excite  the  specific  energy  of  a  man' 
olfactory  apparatus. 

No  satisfactory  classification  of  odors  has  been  made  out 
The  common  division  into  agreeable  and  disagreeable  smells,  o: 
scents  and  stinks,  is  dissimilar  in  different  individuals,  and  there 
fore  cannot  have  a  physiological  basis. 

With  smell,  as  with  taste,  no  degree  of  intensity  of  stimulatioi 
can  be  said  to  produce  pain,  though  disgust,  nausea,  vomiting 
and  many  other  nervous ,  operations  may  be  induced  by  variou! 
smells.  The  appetites  are  remarkably  under  the  control  of  thii 
special  sense,  being  either  excited  or  annulled  by  differem 
excitations  of  the  olfactory  nerves. 
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CHAPTER  XXXI. 

VISION. 

Next  in  importance  to  those  impulses  which  we  receive  fror 
the  skin  are  those  conveyed  to  the  brain  from  the  outer  worh 
by  the  second  pair  of  cranial,  or  the  optic  nerves. 

The  ending  of  the  optic  nerve  differs  from  any  of  those  me 
with  in  the  skin  by  being  enclosed  in  a  very  specially  arrange( 
organ — the  eyeball — an  apparatus  for  bending  the  rays  of  light 
so  that  they  exactly  reach  the  delicate  sheet  of  complicated  nerv 
ending  which  is  here  spread  out.  Only  the  blood  and  othe 
tissues  of  the  eye  come  in  contact  with  the  endings  of  the  optii 
nerve,  which  are  thus  placed  out  of  the  way  of  ordinary  nervi 
stimulation. 

Further,  the  light,  of  which  the  optic  nerves  conv-ey  intelli 
gence  to  the  brain,  is  not  properly  a  nerve  stimulus,  being  merel; 
the  waving  of  an  imponderable  medium,  the  existence  of  whicl 
is  assumed.  Besides  the  special  arrangements  in  the  eyeball  fo 
bringing  the  rays  of  light  to  bear  on  the  nerve  endings,  then 
must  here  be  some  extremely  sensitive  arrangement  by  which  thi 
ether  waves,  which  we  call  light,  can  be  converted  into  a  nervi 
stimulus,  or  in  some  way  made  to  affect  the  nerve  terminals  ii 
the  retina. 

By  means  of  the,  sense  of  sight  we  obtain  a  knowledge  o 
objects  at  a  distance  from  us,  because  all  these  objects  reflec 
more  or  less  light,  and  thus  make  different  impressions  upoi 
the  terminals  of  the  optic  nerve  forming  the  outer  layer  of  th 
retina. 

Light,  then,  is  the  adequate  stimulus  for  the  retinal  nerv 
endings,  and  the  impulse  caused  by  light  is  the  only  impressioi 
the  optic  nerve  is  in  the  habit  of  carrying  to  our  sensoria,  wher 
the  sensation  of  light  is  formed  and  distributed  among  the  cell 
of  the  brain  so  as  to  enable  us  to  come  to  visual  judgments  an( 
conclusions.     As  already  mentioned,  no  matter  what  stimulus 
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electric,  mechanical,  or  other,  be  applied  to  the  fibers  of  tl 
optic  nerve,  the  sensation  produced  is  simply  light,  and  this 
thought  of  as  if  it  came  through  the  eye  from  the  outer  world. 
The  study  of  the  function  of  vision  may  be  divided  into  :— 

1.  The  path  the  light  takes  on  its  way  through  the  eye 
reach  the  retina. 

2.  The  molecular  changes  in  the  retina  which  give  rise 
stimulation  of  the  optic  nerves. 

3.  The  sensations  arising  in  the  sensorium  as  the  result  of  tl 
molecular  changes  set  up  in  the  cerebral  nerve  cells  by  tl 
impulses  from  the  optic  nerve. 

4.  The  visual  perceptions  and  judgments  which  our  consciou 
ness  is  capable  of  elaborating  from  the  visual  sensations. 

The  Tunics  of  the  Eyeball. 

The  organ  of  vision  of  vertebrate  animals  is  enclosed  in 
firm  case  of  fibrous  tissue  called  the  sclerotic  coat,  which  is  co 
tinuous  with  the  sheath  of  the  optic  nerve.  It  is  seen  betwei 
the  eyelids  under  the  transparent  conjunctiva,  and  known  as  t 
white  of  the  eye.  It  gives  shape  and  protection  to  the  eye,  ai 
though  translucent,  is  not  transparent.  In  front  a  round,  windo 
like  portion,  called  the  cornea,  forms  the  anterior  segment 
this  protecting  covering  of  the  eyeball.  The  cornea  is  d 
tinguished  from  the  sclerotic  not  only  by  its  glass-like  trai 
parency,  but  also  by  being  part  of  a  lesser  sphere  than  t 
sclerotic,  and  thus  projecting  a  little  more  than  the  rest  of  i 
bulb. 

Closely  attached  to  the  inside  surface  of  the  sclerotic  is  a  so 
thin,  black,  vascular  sheet  of  tissue  called  the  choroid  coi 
which  supplies  the  eyeball  with  blood.  It  is  made  up  chiefly 
blood-vessels  and  stellate,  pigmented,  connective  tissue  eel 
Its  outer  layer  is  traversed  by  arteries  and  veins  of  relative 
large  size,  and  its  inner  layer  is  composed  of  a  dense  netwo 
of  close-meshed  capillary  vessels.  As  the  cornea  region 
approached,  the  choroid  is  peculiarly  modified  and  thrown  in 
folds,  called  ciliary  processes,  forming  a  series  of  vascular  fok 
radiating  from  the  margin  of  the  cornea.    At  the  edge  of  t 
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cornea  the  choroid  is  more  firmly  attached  to  the  sclerotic  by  : 
circular  muscle  (^ciliary  muscle),  and  also  by  bands  of  tissu( 
from  the  posterior  surface  of  the  cornea  which  hold  it  ii 
position;  the  fibers  of  the  ciliary  muscle,  running  under  thi 
ciliary  processes,  radiate  from  the  margin  of  the  cornea  towarc 
the  choroid,  to  which  they  are  attached.      In  a  modified  form 

Fig.  202, 


Diagram  of  a  Horizontal  Section  through  the  Human  Eye. 
.cornea;  i',  conjunctiva;  2,  sclerotic  ;  3,  choroid;  4,  ciliary  processes ;  4',  ciliasy  lAuscle ; 
5,  suspensory  ligament  of  lens ;  6,  so-called  posterior  chamber,  between  the  iris  and  th< 
lens  ;  7,  iris ;  7',  anterior  chamber  in  front  of  the  iris  ;  8,  optic  nerve ;  8',  entrance  ol 
central  artery  of  the  retina ;  8",  central  depression  of  the  retina  or  yellow  spot ;  9,  an- 
terior limit  of  the  retina ;  10,  canal  of  Petit  in  front  of  the  hyaloid  membrane ;  11, 
aqueous  chamber;  12,  crystalline  lens;  13,  vitreous  humor;  14,  circular  Venous  sinus 
which  lies  around  the  cornea ;  a-a,  anterior-posterior,  and  b-b,  transverse,  axis  of  bulb 


known  as  the  iris,  this  vascular  and  pigmented  coat  of  the  eye 
leaves  the  sclerotic  and  hangs  freely  in  a  fluid,  being  recognized 
through  the  clear  cornea  as  a  colored  circular  curtain  attached 
to  the  inside  of  the  periphery  of  the  cornea,  having  a  central 
aperture,  which  looks  black,  and  is  familiarly  known  as  \hs  pupil. 
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The  pupil  is  merely  an  opening  in  the  iris,  which  allows  the  ra) 
of  light  to  pass  into  the  interior  of  the  eyeball. 

Besides  supplying  nutrition  to  the  non-vascular  central  pari 
of  the  eyeball,  the  choroid  is  useful  in  vision  by  preventing  th 
reflection  of  the  light  from  the  background  of  the  eye  in  such 
way  as  would  cause  irregularity  of  its  distribution,  and  thx 
dazzle  and  interfere  with  the  distinctness  of  the  image.  Th 
choroid  is  elastic,  and  can  move  over  the  neighboring  sclerotic 
it  can  be  drawn  forward  by  the  contraction  of  the  radiatin 
ciliary  muscle,  which  acts  as  a  tensor  of  the  choroid  membrane 

The  iris  has  a  special  power  of  motion,  by  means  of  wbic 
the  opening  in  it  can  be  made  smaller,  so  as  to  regulate  th 
amount  of  light-admitted  to  the  eye,  and  cut  off  more  or  less  c 
the  rays  which  would  pass  through  the  margin  of  the  dioptri 
media.  The  importance  of  this  will  be  better  understoo 
further  on. 

Within  the  choroid  coat,  and  in  immediate  contact  with  il 
is  the  nervous  coat,  or  retina,  formed  by  the  expansion  of  th 
optic  nerve,  which  passes  toward  the  sclerotic  obliquely,  an 
enters  it  somewhat  to  the  nasal  side  of  the  axis  of  the  eye 
The  retina  lines  all  the  back  part  of  the  eyeball,  and  stretchin 
forward,  becomes  fused  with  the  ciliary  processes,  where,  how 
ever,  the  nervous  elements  of  the  coat  are  wanting.  The  fibri! 
of  the  optic  nerve  reach  the  inner  surface  of  the  coats  of  th 
eye,  and  lie  in  immediate  relation  to  the  transparent  mediun 
which  occupies  the  greater  part  of  the  bulb.  The  fibers  the 
lie  internally  to  their  terminals,  which  turn  outward  and  ai 
set  against  the  choroid  coat.  The  ultimate  nerve  endings  ai 
situated  in  pigmented  protoplasmic  cells,  which  form  the  out< 
layer  of  the  retina. 

The  Dioptric  Media  of  the  Eyeball. 
The  transparent  substances  which  fill  the  eyeball  are,  togethe 
with  the  cornea,  called  the  dioptric  media.     The  aqueous  humi 
lies  in  contact  with  the  posterior  surface  of  the  cornea,  and  ju! 
fills  the  prominence  which  is  formed  by  this  part  of  the  eye. 
is  in  this  fluid  that  the  movable  iris  is  stretched  and  separat( 
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the  aqueous  department  of  the  eye  into  anterior  and  posteri( 
chambers.  The  vitreous  humor  occupies  much  the  larger  sha: 
of  the  eyeball.  It  lies  in  apposition  to  the  retina,  being  sep 
rated  from  it  only  by  a  thin  transparent  structure,  called  tl 
hyaloid  membrane,  which  encloses  the  clear  gelatinous  vitreo' 
humor,  and  is  fused  with  the  ciliary  part  of  the  retina  an 

Fig.  203. 

a,  b  c 


0    §    0 


Diagram  of  Lens  Viewed  from  the  Side  at  Diflferent  Periods  of  Life.   «,  at  birth ;  ^,  Adul 
c.  Old  age.    {Allen  Thomson^ 

\ 

choroid.  The  vitreous  humor  is  developed  from  the  young  coi 
nective  tissue  of  the  mesoblast,  and  we  find  in  the  adult  thi 
mucus  is  the  most  abundant-chemical  sul 
stance  in  its  texture," though  the  branche 
cells  of  the  original  mucous  tissue  hai 
nearly  all  disappeared. 


Fig.  204. — Showing  Early  Stages  of  the  Development  of  the  Lens,    c,  epithelial  tissue 
about  to  form  the  lens  ;  (7,  optic  cup;  a,  epidermis.    {Cadiat.) 


The  most  important  of  the  dioptric  media  is  the  crystallii 
lens.  It  is  placed  between  the  aqueous  and  the  vitreous  humor 
just  behind  the  iris,  which  lies  in  contact  with  its  anterior  su 
face.  It  is  like  a  strong  magnifying  glass,  biconvex  in  shape 
the  posterior  surface  being  more  convex  than  the  anterior.    Tli 
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lens  is  much  harder  than  the  vitreous  humor,  but  its  outer  layer: 
are  little  denser  than  a  stiif  jelly.  It  is  enclosed  by  a  firm, 
elastic  capsule,  which  is  drawn  tightly  over  the  anterior  surface 
and  influences  its  shape.  The  lens  is  held  in  its  position  bj 
the  suspensory  ligament,  a  thickened  part  of  the  hyaloid  mem' 
brane,  which  is  continued  forward  "and  attached  to  the  anterio: 

Fig.  205. 


A  Further  Stage  of  the  Development  of  the  Lens.    t^Cadiai^ 
a^  elongating  epithelial  cells  forming  lens;  b,  capsule;  c,  cutaneous  tissue  becoming  con 
junctiva ;  d^  e,  two  layers  of  optic  cup  forming  retina ;  J",  cell  of  mucous  tissue  of  th( 
'        vitreous  humor ;  ^,  intercellular  substance  ;  k,  developing  optic  nerve. 


surface  of  the  capsule,  near  its  margin.  The  lens  and  its  cap- 
sule, together  with  the  vitreous  humor,  may  be  said  to  be 
enclosed  in  the  hyaloid  membrane,  which  in  front  is  thickened 
and  attached  to  the  ciliary  part  of  the  choroid  and  the  capsule, 
Thus  any  tension  exercised  by  the  suspensory  ligament  tends  tc 
5° 


592 


MANUAL  OF   PHYSIOLOGY. 


tighten  the  anterior  part  of  the  capsule,  and  flatten  the  anteric 
surface  of  the  lens. 

The  shape  of  the  lens  varies  at  different  times  of  life,  bein 


Fig.  206. 
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Fragment  of  Lens  Teazed  out  to  Show  the  Separate  Fibers.     (Cadiai.)    a,  b,  and  c, 
show  fibers  with  different-sized  nuclei. 


nearly  spherical  in  the  infant  and  tending  to  become  less  cor 
vex  in  old  age  (Fig.  203).     The  lens  is  developed  from  the  oute 
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layer  of  the  embryo  by  the  gradual  thickening  and  growing  ii 
ward  of  the  epithelium,  which  meets  the  optic  cup,  and  after 
time  is  cut  off  from  the  parent  tissue.  The  stages  of  its  deve 
opment  may  be  followed  in  the  accompanying  wood-cuts  (Fig 
204  and  205). 

The  lens  is  composed  of  a  number  of  peculiar  band-like  cell 
derived  from  the  epithelium.  These  are  cemented  together  i 
parallel  rows,  eccentrically  arranged  in  layers.  These  bands  ai 
hexagonal  in  transverse  section,  and  in  the  younger  periods  i 
life  may  be  seen  to  contain  nuclei. 

In  the  living  state  the  lens  is  perfectly  transparent,  but  aft( 
death  it  becomes  slightly  opaque.  The  nutriment  for  the  adu 
lens  is  derived  from  the  vessels  of  the  choroid,  which,  howeve 
do  not  come  into  direct  communication  with  its  texture.  0 
this  account  the  nutrition  of  the  lens  is  not  so  perfect  as  thi 
of  many  other  tissues,  and  is  but  imperfectly  repaired  aft( 
injury,  which  always  leaves  more  or  less  opacity.  Even  withoi 
injury,  opacity,  giving  rise  to  cataract,  sometimes  occurs  durir 
life. 

Chemically,  the  lens  is  made  up  of  globulin,  and  furnishes 
ready  source  for  obtaining  this  form  of  albumin  for  examinatioi 

Dioptrics  of  the  Eye. 

Light  travels  through  any  even  transparent  body,  such  as  tl; 
atmosphere,  in  a  straight  line.  But  when  it  meets  any  chanj 
in  density,  particularly  when  it  has  to  pass  obliquely  into 
denser  medium,  the  ray  is  bent  so  as  to  run  in  a  direction  moj 
perpendicular  to  the  surface  of  the  denser  body.  The  degre 
of  bending  or  refraction  of  the  rays  depends  on  the  differenc 
in  optical  density  of  the  two  media  and  the  angle  at  which  th 
ray  strikes  the  surface  of  the  more  dense. 

On  its  way  to  the  sensitive  retina,  the  light  has  to  pass  throug 
the  various  transparent  media  just  named,  viz.,  the  cornea,  th 
aqueous  humor,  the  crystalline  lens,  and  the  vitreous  humoi 
On  entering  these  media,  which  have  different  densities,  th 
rays  of  light  emitted  by  any  luminous  body  become  bent  or  n 
fracted,  so  that  they  are  brought  to  a  focus  on  the  retina,  just  i 
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the  same  way  as  parallel  rays   of  light  from  the   sun  may  b( 

focused  on  a  near  object  by  means  of  an  ordinary  convex  lens 

Only  so  much  light  reaches  the  fundus  of  the  eye  as  can  pas 

through  the  opening  in  the  iris,  so  that  a  comparatively  narrov 


Fig.  207. 


Diagram  Showing  the  Course  of  Parallel  Rays  of  Light  from  A,  in  their  passage  through 
biconvex  lens,  l,  in  which  they  are  so  retracted  as  to  bend  toward  and  come  to  a  focu 
at  a  point,  f. 

and   variable  beam  is  admitted  to  the   chamber  in  which   th( 
nerve  endings  are  spread  out  for  its  reception. 

If  we  hold  a  biconvex  lens  at  a  distance  from  the  eye  anc 
look  out  of  the  window  through  it,  we  see  an  inverted  imag( 
of  the  landscape.  If  we  place  a  piece  of  transparent  pape: 
behind  the  lens,  we  can  throw  a  representation  of  the  pictun 
on  it,  which  will  be  seen  to  be  inverted.     This  power  of  conve} 


Diagram  Showing  the  Course  of  Diverging  Rays,  which  are  bent  to  a  point  further  fror 
the  lens  than  the  parallel  rays  in  last  figure. 


lenses  is  employed  in  the  instrument  used  for  taking  photographs 
called  a  camera,  which  consists  of  a  box  or  chamber  into  whicl 
the  light  is  allowed  to  pass  through  a  convex  lens,  so  that  ai 
inverted  image  of  the  objects  before  it  is  thrown  upon  a  screei 
of  ground  glass  within  the  box.  When  the  sensitive  plat( 
replaces  the  screen,  the  light  coming  through  the  lens  makes  i 
photograph. 
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Just  in  the  same  way  an  inverted  image  of  the  things  we  look 
at  is  thrown  on  the  retina  by  the  refracting  media  of  the  eye. 
This  may  seen  in  a  dark  room,  if  a  candle  be  placed  at  a  suitable 
distance  in  front  of  the  cornea  of  an  eye  taken  from  a  recently- 
killed  white  rabbit.  When  cleared  of  fat  and  other  opaque 
tissues,  the  sclerotic  is  transparent  enough  to  act  as  a  screen  upon 
which  the  inverted  candle  flame  can  be  recognized. 

Though  our  organ  of  vision  is  often  compared  to  a  camera 
obscura,  the  refractions  of  light  which  occur  in  it  are  far  more 
complex  than  those  taking  place  in  that  simple  instrument.  In 
the  latter  we  have  only  two  media — the  glass  lens  and  the  air ; 
in  the  eye,  on  the  other  hand,  we  have  several,  which  are  known 
to  have  a  distinct  refractive  influence  on  the  rays  which  pass 
through  the  pupil. 

Three  Media  and  Refracting  Surfaces. 

Since  the  surfaces  of  the  cornea  are  practically  parallel,  we 
may  neglect  the  difference  between  it  and  the  aqueous  humor, 
and  look  upon  the  two  as  one  medium,  having  in  front  the 
shape  of  the  anterior  surface  of  the  cornea,  and  behind,  the 
anterior  surface  of  the  lens,  so  as  to  form  a  concavo-convex  lens. 
We  thus  have  only  three  media  to  consider,  viz.  :  (i)  the 
aqueous  humor  and  cornea  ;  (2)  the  lens  and  its  capsule ;  and 
(3)  the  vitreous  humor.  And  only  three  refracting  surfaces 
need  be  enumerated,  viz.  :  (i)  the  anterior  surface  of  the  cornea  ; 
(2)  the  anterior  surface  of  the  lens ;  and  (3)  the  posterior  surface 
of  the  lens. 

These  refracting  surfaces  may  all  be  looked  upon  as  portions 
of  spheres  whose  centers  lie  in  the  same  right  line,  and  hence 
may  be  said  to  have  a  common  axis.  The  eye  may  be  regarded 
as  an  optical  system,  centered  round  an  axis  which  passes 
through  the  middle  point  of  the  cornea  in  front,  and  the  central 
depression  (fovea  centralis)  of  the  retina  behind.  This  is 
spoken  of  as  the  optic  axis  of  the  eye. 

The  rays  of  light  entering  the  eye  are  most  strongly  refracted 
at  the  surface  of  the  cornea,  because  they  have  to  pass  from  the 
rare  medium,  the  air,  to  the  denser  cornea  and  aqueous  humor. 
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So  also  more  bending  of  the  rays  occurs  between  the  aqueous 
humor  and  the  anterior  surface  of  the  lens  than  between  the 
posterior  surface  of  the  lens  and  the  vitreous  humor. 

The  lens  is  not  of  the  same  density  throughout,  but  denser 
in  the  center,  and  being  made  up  of  layers,  the  central  part 
refracts  more  than  the  outer  layers. 

The  manner  in  which  the  inversion  of  the  image  is  produced 
by  a  convex  lens,  is  shown  in  the  accompanying  figure,  in  which 
the  lines  correspond  to  the  rays  passing  from  two  points  through 
the  lens.  If  the  arrow  a  d  ht  taken  for  the  object,  from  either 
extremity  of  it  rays  pass  through,  and  are  more  or  less  bent  by 
the  lens.     It  will  be  sufficient  to  follow  the  course  of  three  rays 

Fig.  2og. 


Showing  the  Course  of  the  rays  of  Light  from  two  Luminous  Points  to  th^  Retina.  The 
rays  from  the  point  a  on  passing  through  the  cornea,  lens,  etc.,  are  collected  on  the 
retina  at  b.    Those  from  a'  meet  at  b^ ,  and  thus  the  lower  point  becomes  the  upper. 

from  the  head  of  the  arrow.  One  of  these  passes  through  the 
center  of  the  lens,  and  leaves  it  in  the  same  direction  which  it 
entered,  because  the  two  surfaces  at  the  points  where  it  entered 
and  left  may  be  regarded  as  parallel,  and  so  cause  no  refraction. 
The  rays  which  do  not  pass  through  the  center  are  bent  on 
entering  and  on  leaving  the  lens,  so  that  they  all  meet  at  the 
same  point  and  there  produce  an  image  of  the  head  of  the  arrow, 
at  V .  In  the  same  way  the  feather  end  of  the  arrow  is  produced 
at  b  \  the  position  of  the  image  of  the  object  is  thus  reversed  by 
the  light  rays  passing  through  the  lens. 

In  a  biconvex  lens,  with  two  surfaces  of  the  same  degree  of 
convexity,  the  central  point  through  which  the  rays  pass  with- 
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out  being  refracted  is  easily  made  out,  as  it  is  the  geometrical 
center  of  the  lens.  This  central  point  is  spoken  of  as  the  optical 
center.  With  systems  of  lenses  of  varying  convexity,  and  of 
more  than  one  in  number,  as  we  have  in  the  eye,  where  the  rays 
of  light  are  bent  at  different  surfaces,  it  is  much  more  difficult 
to  determine  the  optical  center.  However,  by  means  of  the 
measurements  made  by  Listing,  two  points  close  together  are 
known,  which  may  be  said  to  correspond  practically  with  the 
optical  centers  of  the  eye ;  they  lie  in  the  lens,  between  its 
center  and  posterior  surface.  The  path  of  the  various  rays  may 
thus  be  exactly  made  out.* 

The  rays  which  come  from  a  distant  luminous  point  and  fall 
upon  the  eye,  are  refracted  by  the  cornea  and  aqueous  humor, 
so  as  to  be  made  convergent  on  their  way  to  the  lens  ;  they  are 
then  further  bent  at  the  surfaces  of  the  lens,  so  that  they  are 
brought  exactly  to  a  point  on  the  retina.  That  is  to  say,  for 
distant  luminous  points,  the  retina  lies  exactly  in  the  plane  of 
focus  of  the  dioptric  media  of  the  normal  eye. 

This  convergence  of  the  rays  to  a  point  on  the  retina,  is  the 
first  essential  for  seeing  clear  and  distinct  images  ;  for  if  the  rays 
from  each  point  of  a  luminous  body  were  not  united  on  the 
retina  as  points,  the  effects  of  the  different  rays  from  the  various 
points  of  a  body  would  become  mixed,  and  there  would  be  loss 
of  definition  of  its  image. 

The  rays  from  any  bright  point  which  enter  the  eye  through  the 
pupil  may  be  imagined  to  form  a  luminous  cone,  the  point  of 
which  lies  at  the  retina,  and  its  base  at  the  pupil.  After  their 
union  at  the  point  of  the  cone,  the  rays  would  diverge  again  if  the 
retina  was  not  there  to  receive  them. 

Scheiner's  Experiment. 
It  may  be  seen  from  the  foregoing  figure  that  if  the  retina, 
which  normally  would  lie  at  2,  were  placed  nearer  the  dioptric 

*  The  impossibility  of  making  clear  the  important  relationships,  such  as  nodal  points, 
and  other  constants  of  the  eye  in  a  short  text-book,  and  the  deterrent  efiect  exerted 
upon  the  mind  of  a  junior  student  by  brief  incomprehensible  statements,  have  induced 
the  author  to  omit  this  part  of  the  subject.  He  must  refer  those  who  are  anxious  to  learn 
the  cardinal  points  of  the  eye,  to  the  more* advanced  text-books. 
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To  Illustrate  Scheiner's  Experiment ;  for  ex- 
planation,  see  text. 


apparatus,  say  at  i,  or  further  from  it,  at  3,  it  would  not  meet  the 
exact  point  of  the  luminous  cone,  but  would  receive  the  rays 
either  before  they  came  to  a  point,  or  after  they  had  diverged 
from  it.  Thus  indistinct  rings  of  light  would  be  seen  instead  of 
one  luminous  point,  and  an  image  would  be  blurred  and  in- 
definite. 
^"=-  "°-  From   this   it  follows  that 

the  eye,  when  quite  passive, 
can  only  get  an  exact  image 
of  bodies  which  are  placed 
at  a  certain  distance  from  it, 
just  as,  for  any  given  state  of 
a  camera,  only  those  bodies  in 
one  plane  come  into  focus 
and  give  a  clear  picture  on 
the  screen.  If  the  dioptric 
apparatus  of  the  eye  were 
rigid  and  unalterable,  since  the  relation  of  the  retina  to  it  is 
permanently  the  same,  we  could  only  see  those  objects  clearly 
which  are  at  a  given  distance  from  the  eye.  We  know,  however, 
that  we  see  as  distinct  an  image  of  distant  as  of  near  objects,  and 
we  can  look  through  the  window  at  a  distant  tree,  or  can  adjust 
our  eyes  so  as  to  see  a  fly  walking  on  the  window-pane.  We 
cannot  see  both  distinctly  at  the  same  moment.  This  power  of 
focusing  may  be  demonstrated  by  what  is  known  as  Scheiner's 
experiment,  which  is  carried  out  in  the  following  way : — 

Two  pin-holes  are  made  in  a  card  at  a  distance  from  each  other 
not  wider  than  the  diameter  of  the  pupil.  The  card  is  then 
brought  close  to  the  eye,  so  that  a  small  object — such  as  the  head 
of  a  bright  pin — can  be  seen  through  the  holes.  The  dioptric 
media  being  fixed,  moving  the  object  nearer  to  or  further  from 
the  eye  would  have  the  same  effect  as,  changing  the  relation  of  the 
retina  \.o  m  nor  p  q  in  Fig.  210,  by  means  of  which  we  may  ex- 
plain the  following  observations  :  (i)  The  eye  being  fixed  upon 
the  object  (of  which  only  one  image  is  seen),  move  the  pin 
rapidly  away ;  two  objects  now  appear,  showing  that  the  rays 
coming  through  the  holes  have  met  before  they  reach  the  retina, 
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as  at  /  f .  (2)  Move  the  pin  near  the  eye ;  again  two  very 
blurred  objects  are  seen,  for  the  rays  have  not  met  when  they 
strike  the  retina,  as  at  m  n.  (3)  Keeping  the  object  in  the  same 
position,  alter  the  gaze,  as  if  to  look  first  at  distant  and  then  at 
near  objects ;  in  both  extremes  two  images  are  seen.  (4)  When 
the  object  is  in  exact  focus,  as  at  c,  the  closure  of  one  of  the  holes 
does  not  affect  the  single  image.  (5)  When  two  images  are  seen, 
closing  the  right-hand  hole  at  g  causes  the  right  or  left  image  to 
disappear  according  as  the  focus  c  falls  short  of  m  n  or  is  beyond 
/  ^,'the  retina.  (6)  By  moving  the  pin's  head  nearer  the  eye,  a 
point  is  reached  at  which  the  object  cannot  be  brought  to  a 
focus  as  a  single  image.  This  limit  of  near  accommodation 
marks  the  near  point.  A  little  attention  teaches  us  that  looking 
at  the  near  object  requires  an  effort  which  looking  at  the  distant 
one  does  not ;  in  fact,  we  have  to  do  something  to  see  things 
near  us  distinctly.  This  act  is  the  voluntary  adjustment  of  the 
eye,  which  we  call  its  accommodation  for  near  vision. 

Accommodation. 

The  difference  of  distance  for  which  we  can  adjust  our  eyes  is 
great,  so  that  our  range  of  distinct  vision  is  very  extensive.  As 
already  stated,  the  normal  eye  is  considered  to  be  constructed  so 
that  parallel  rays  of  light,  i.  e.,  those  coming  from  practically 
infinite  distance,  are  brought  to  a  focus  on  the  retina.  This  is 
why  we  see  the  stars — which  are  practically  infinitely  remote 
from  us — as  mere  luminous  points.  It  is  therefore  impossible  to 
fix  a  far  limit  to  our  power  of  distant  vision.  The  nearer 
an  object  is  brought  to  our  eyes  the  more  effort  is  Required  to 
see  it  distinctly,  until  at  last  a  point  is  reached  where  we  cannot 
get  a  clear  outline,  no  matter  how  we  "strain  our  eyes."  For 
a  normal  eye,  called  the  emmetropic  eye,  this  near  limit  is  about 
12  cm.,  or  5  inches,  but  it  varies  in  different  individuals. 

For  objects  that  are  over  10  meters  distance  very  little  change 
in  the  eye  is  required  to  see  each  distinctly,  and  the  nearer  the 
object  approaches  the  more  frequently  the  adjustment  of  the  eye 
has  to  be  altered  to  see  it  clearly.  When  the  eye  is  focused  for 
any  point  within  the  limits  of  distinct  vision  a  certain  range  of 
SI 
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objects  at  different  distances  from  the  eye  can  be  recognized 
without  moving  the  adjustment.  The  range  of  this, power  is 
measured  on  the  line  of  vision,  and  called  the  focal  depth.  In 
the  distance  we  can  take  in  a  great  depth  of  landscape,  without 
effort  or  fatigue ;  but  when  looking  at  near  objects  the  focal 
depth  is  less,  and  we  must  constantly  accommodate  our  eyes 
afresh  in  order  to  see  clearly  objects  at  slightly  different  distances, 
because  of  the  shallowness  of  the  focal  depth  in  the  nearer  parts 
of  visual  distance. 

The  method  by  which  the  accommodation  of  the  eye  is  effected 

Fig.  211. 


Diagram  showing  the  Changes  in  the  Lens  during  Accommodation.  The  muscle  on  the 
right  is  supposed  to  be  passive  as  in  loolting  at  distant  objects,  the  ligament,  L,  is  tliere- 
fore  tight,  and  compresses  the  anterior  surface  of  the  lens,  A,  so  as  to  flatten  it.  On  the 
left  the  ciliary  muscle,  M,  is  contracting  so  as  to  relax  the  ligament,  which  allows  the 
lens  to  become  more  convex.    This  contraction  occurs  when  looking  at  near  obj_ects. 


differs  from  anything  that  can  be  applied  to  an  artificial  optical 
instrument,  and  is  more  perfect. 

The  following  alterations  are  observed  to  occur  in  the  eye 
during  active  accommodation,  i.  e.,  when  looking  at  near  objects, 
(i)  The  iris  contracts  so  that  the  pupil  becomes  smaller ;  (2) 
the  central  part  of  the  anterior  surface  of  the  crystalline  lens 
moves  slightly  forward,  pushing  before  it  the  pupillary  margin  of 
the  iris,  so  that  the  lens  becomes  more  convex  ;  (3)  the  posterior 
surface  of  the  lens  also  becomes  more  convex,  owing  to  the 
general  change  of  shape  of  the  lens,  but  the  center  of  this 
surface  does  not  change  its  position  ;  (4)  both  eyes  converge. 

These  changes  can  be,  seen  in  the  accompanying  diagram, 
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showing  a  section  of  the  lens,  cornea,  and  ciliary  region  (Fig. 
21 1),  in  the  left-hand  side  of  which  the  lens  is  drawn  in  the 
position  it  assumes  when  accommodated  for  near  objects.  These 
movements  can  be  seen  in  life  by  observing  the  changes  in  rela- 
tive positions,  etc.,  of  the  reflections  of  a  candle  flame  thrown 
from  the  cornea  and  the  two  surfaces  of  the  lens.  On  the 
cornea  is  seen  a  bright  upright  flame ;  next  comes  a  large 
diffused  reflection  from  the  anterior  surface  of  the  lens,  and  at 
the  other  side  of  this  a  small  inverted  image  of  the  flame 
reflected  from  the  posterior  surface  of  the  lens.  When  the 
adjustment  is  changed  by  looking  from  a  far  to  a  near  object, 
the  image  on  the  front  of  the  lens  becomes  smaller  and  moves 
toward  the  center  of  the  pupil.  The  image  on  the  back  of  the 
lens  also  becomes  smaller  but  does  not  change  its  position. 
The  amount  of  movement  has  been  accurately  measured  by  a 
special  instrument  called  an  ophthalmometer.  The  motions  can 
be  more  exactly  studied  by  means  of  the  phakoscope,  a  dark  box, 
in  which  prisms  are  placed  before  the  observed  eye,  and  each 
image  is  made  double. .  The  change  in  relative  position  of  the 
two  is  more  readily  recognized  than  a  mere  change  of  size  of  the 
one. 

Muscular  Mechanism  of  Accommodation. — The  alteration  in 
the  shape  of  the  lens  is  accomplished  by  the  action  of  the  mus- 
cular layer  already  named,  which  radiates  from  the  edge  of  the 
cornea  to  the  ciliary  region  of  the  choroid  coat,  where  it  is 
attached.  When  the  ciliary  muscle  contracts  it  draws  the 
choroid  coat  and  the  connections  of  the  suspensory  ligament  of 
the  lens  slightly  forward,  the  junction  of  the  cornea  and  sclerotic 
being  its  fixed  point.  Under  ordinary  circumstances,  the  eye 
being  at  rest,  the  suspensory  ligament  is  tense  and  exerts  a  radial 
traction  on  the  anterior  part  of  the  capsule  of  the  lens,  tending 
to  stretch  it  flat ;  this  affects  the  shape  of  the  soft  lens  and 
reduces  its  convexity.  When  the  ciliary  muscle  shortens  it  draws 
forward  the  attachment  of  the  suspensory  ligament,  relaxes  it, 
and  removes  the  tension  of  the  capsule,  so  that  the  unconstrained 
elastic  lens  bulges  into  its  natural  form.  The  posterior  surface 
cannot  extend  backward,  because  there  it  is  in  contact  with  the 
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vitreous  humor,  which  is  held  more  firmly  against  it  by  the 
increased  tension  of  the  hyaloid  membrane  during  the  contrac- 
tion of  the  ciliary  muscle. 

Some  circular  muscular  fibers  help  to  relax  the  ligament  and 
relieve  it  from  the  increased  pressure  which  the  contraction  of 
the  radiating  fibers  must  indirectly  cause  on  the  vitreous 
humor. 

The  act  of  accommodation  is  voluntary,  the  nerve  bearing 
the  impulse  to  the  ciliary  muscle^  comes  from  the  3d  nerve  by 
the  ciliary  branches  of  the  lenticular  ganglion.  The  action  of 
the  iris  is  associated  with  that  of  the  ciliary  muscle.  The 
local  application  of  the  alkaloid  of  the  belladonna  plant 
(atropin)  causes  paralysis  of  the  ciliary  muscle  and  wide 
dilatation  of  the  pupil ;  and  the  alkaloid  of  the  Calabar  bean 
(physostigmin)  produces  contraction  of  the  muscle  of  accom- 
modation and  extreme  contraction  of  the  pupil. 

Defects  of  Accommodation. 

Myopia. — It  has  been  said  that  the  "  near  limit "  of  distinct 
vision  differs  in  many  persons  from  the  twelve  centimeters  of 
the  normal  emmetropic  eye,  and  it  is  found  that  the  power 
of  accommodation  varies  very  much  in  different  individuals. 
Thus-in  "  short-sighted  "  people,  who  have  myopic  eyes,  i.  e.,  in 
which  parallel  rays  are  focused  short  of  the  retina,  the  near 
limit  may  be  only  half  the  normal,  /.  <?.,  five  centimeters,  and 
the  far  limit,  which'is  normally  indefinite,  is  found  to  be  within 
a  comparatively  short  distance  of  the  eye.  They,  therefore, 
cannot  see  distant  objects  clearly,  since  the  rays  are  focused 
before  the  retina  is  reached,  and  then  diverging,  cause  diffusion 
circles  and  a  blurred  picture.  The  work  of  their  accommoda- 
tion is  also  much  more  laborious,  since  they  can  only  see  in  that 
part  of  the  range  of  accommodation  where  the  adjustment  has  to 
be  altered  for  slight  variations  of  distance.  The  defect  can  be 
made  much  less  distressing  by  the  use  of  concave  glasses,  which 
make  parallel  rays  strike  the  cornea  as  divergent  ones,  and  thus 
allow  them  to  be  focused  on  the  retina. 

Hypermetropia. — Another  abnormality  is  "long  sight."     In 
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the  hypermetropic  eye,  parallel  rays  of  light  are  brought  to  a 
focus  at  a  point  beyond  the  retina,  so  that  divergent  or  parallel 
rays  cause  diffusion  circles  and  a  blurred  image.  This  may  be 
corrected  by  means  of  convex  glasses  which  make  the  rays 
convergent  before  they  strike  the  corneal  surface,  and  thus 
enable  them  to  he  sooner  brought  to  a  focus  by  the  dioptric 
media  of  the  eye. 

Presbyopia  is  the  name  given  to  a  change  in  the  perfectness  of 
accommodation  frequently  accompanying  old  age.  The  lens 
probably  becomes  less  elastic  and  the  ciliary  muscle  weaker,  so 
that  the  change  in  form  required  to  see  near  objects  is  difficult 
or  impossible  to  attain.  Biconvex  lenses  help  to  overcome  the 
difficulty. 

Defects  of  Dioptric  Apparatus. 

In  common  with  all  dioptric  instruments  the  eye  has  certain 
optical  defects  which  tend  to  interfere  with  the  distinctness  of 
the  image. 

Chronic  aberration  is  due  to  the  breaking  up  of  white  light 
into  several  colors,  owing  to  the  different  colored  rays  of  which 
ordinary  light  is  composed,  possessing  different  degrees  of 
refrangibility.  We  see  this  in  the  spectrum  and  in  the  colored 
rings  of  the  marginal  part  of  a  biconvex  lens  made  of  a  single 
kind  of  glass.  This  form  of  aberration  can  be  corrected  by 
making  lenses  of  two  kinds  of  glass,  one  of  which  counteracts 
the  dispersion  caused  by  the  other.  Optical  instruments  may 
thus  be  made  achromatic.  In  the  eye  this  defect  is  minimized 
by  the  iris,  which  cuts  off  the  marginal  rays  in  which  it  is  most 
apt  to  occur.  Possibly  the  different  density  of  the  various  parts 
of  the  dioptric  media  may  have  a  correcting  effect  on  the 
chromatism  of  the  eye.  Further  correction  takes  place  in  the 
nerve  centers  which  receive  the  sensation,  for  just  as  we  mentally 
re-invert  the  image,  we  are  unconscious  of  the  color.  At  any 
rate,  the  chromatic  aberration  is  so  slight  that  it  needs  certain 
artifices  to  make  it  observable. 

Spherical  aberration  depends  upon  the  fact  that  luminous 
rays,  on  passing  through  a  convex  lens,  strike  the  various  parts 
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of  its  surface  at  different  angles,  and  hence  are  differently 
refracted.  The  rays  striking  the  margin  of  the  lens  are  more 
bent  than  those  passing  through  the  center,  and  hence  the 
former  come  sooner  to  a  focus.  Thus  a  luminous  point  gives 
rise  to  a  diffused  figure,  which  is  circular  in  perfectly  centered 
dioptric  systems,  but  is  stellate  in  some  eyes  frhere  the  centering 
of  the  lenses  is  not  absolutely  accurate.  Spherical  aberration 
causes  us  no  inconvenience,  as  the  density  of  the  lens  being 
greater  at  the  center  than  at  the  margin  largely  corrects  this 
form  of  aberration,  and  as  when  the  iris  is  contracted,  it  only 
allows  the  more  central  rays  to  pass,  in  which  its  influence  is 
not  noticed. 

Another  optical  defect  in  our  eyes  is  astigmatism,  depending 
upon  some  irregularity  of  the  curvature  of  the  cornea,  which 
may  be  bent  more  in  a  horizontal  than  in  a  vertical  plane,  or 
vice  versa.  In  either  of  these  cases  the'light  in  the  vertical  and 
horizontal  planes  will  be  differently  refracted,  so  that  lines  drawn 
in  the  two  directions  will  require  different  adjustments  to  see 
them  .distinctly.  This  may  be  recognized  if  we  gaze  with  one 
eye  at  the  center  from  which  many  sharply-defined  lines  radiate  ; 
some  of  the  lines  cannot  be  seen  quite  distinctly,  unless  we  move 
the  eye  or  change  its  accommodation.  When  the  greater  curva- 
ture extends  evenly  over  the  whole  diameter  of  the  cornea  it 
gives  rise  to  what  is  called  regular  astigmatism,  and  when  the 
unevenness  is  localized  to  one  part  of  the  corneal  surface  it  is 
called  irregular  astigmatism. 

The  astigmatism  which  may  be  called  physiological  is  not 
noticed  by  the  individual,  but  pathological  astigmatism  often 
occurs  and  requires  cylindrical  glasses  to  correct  it. 

Entoptic  images  are  those  which  depend  on  the  presence  of 
some  opacity  or  difference  in  density  in  the  transparent  media 
of  the  eye  itself  They  look  like  variously-shaped  specks  moving 
over  the  field  of  vision.  They  are  only  remarkable  when  we 
look  at  an  evenly  illuminated  object  or  through  a  pin-hole  in  a 
black  card.  In  using  the  microscope  they  often  annoy  the 
unpractised  observer. 
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The  Iris. 
Functions. — It  has  already  been  mentioned  that  the  motions 
of  the  iris  alter  the  size  of  the  pupillary  aperture  through  which 
the  rays  of  light  must  pass,  and  while  it  regulates  the  amount  of 
light  admitted,  it  also  acts  like  the  diaphragm  of  an  optical 
instrument,  and  normally  cuts  off  a  large  amount  of  the  marginal 
rays.  The  great  importance  of  not  allowing  the  rays  which 
would  traverse  the  margin  of  the  lens  to  enter  the  eyeball  can 
be  understood  after  what  has  been  said  of  spherical  and  chro- 
matic  aberration.     The    iris  also  contracts  when   the  eye  is 

'  Fig.  212. 


Section  through  the  Ciliary  Region,  showing  the  relation  of  the  iris,  /^  to  the  choroid,  e, 
and  the  ciliary  muscle,  a,  which  arises  from  the  margin  of  the  cornea  at^,  and  passes 
toward  the  choroid  to  the  right,  where  it  separates  the  latter  from  the  sclerotic.  Some 
bundles  of  circular  fibers  are  shown,  one  marked  d. 


adjusted  for  near  vision,  independent  of  the  amount  of  light  by 
which  the  object  is  illuminated.  This  action  is  of  advantage, 
because  the  more  convex  the  lens  became  in  viewing  near  objects, 
the  greater  would  be  the  aberration  of  the  marginal  rays,  there- 
fore, if  the  iris  did  not  contract  in  near  vision,  the  closer  an 
object  were  brought  to  the  eye,  the  greater  would  be  the  ten- 
dency to  indistinctness  caused  by  spherical  aberration. 

In  structure  the  iris  consists  of  a  framework  of  delicate  con- 
nective tissue,  like  that  of  the  choroid  coat,  containing  many 
blood-vessels.  On  its  posterior  surface  is  a  dense  layer  of  pig- 
ment cells  called  the  uvea,  which  gives  the  eye  its  color.     The 
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act  of  contracting  the  pupil  is  performed  by  a  very  definite  set 
of  unstriated  muscular  fibers  forming  the  sphincter,  which  sur- 
rounds the  margin  of  the  pupil.  The  sphincter  muscle  seems 
always  to  be  more  or  less  in  action,  because  if  it  be  paralyzed, 
the  pupil  dilates.  The  muscular  character  of  the  dilator  mech- 
anism has  been  doubted,  from  the  fact  that  radiating  muscular 
fibers  have  not  been  satisfactorily  demonstrated  under  the 
microscope.  Certainly  the  sphincter  is  the  most  distinctly  con- 
tractile, for  strong  electric  stimulation  always  causes  contraction 
of  the  pupil,  and  shortly  after  death  the  pupils  dilate  from  the 
relaxation  of  the  sphincter.  If  we  admit  the  active  dilatation 
of  the  pupil,  we  must  assume  that  the  power  of  the  sphincter 
dies  more  quickly  than  that  of  the  dilator,  or  that  it  at  once 
.relaxes  when  it  has  lost  the  stimulus  reflected  from  the  retina. 
There  appears  to  be  no  difficulty  in  explaining  the  dilatation  of 
the  pupil  as  the  effect  of  the  elasticity  of  the  tissue  and  the 
changes  in  vaso-motor  influences. 

Nervous  Mechanisms  Controlling  the  Iris. 

When  the  sympathetic  in  the  neck  is  cut,  the  pupil  becomes 
considerably  contracted.  Hence  it  has  been  argued  that  nerves 
supplying  the  dilator  are  derived  from  the  sympathetic  It  may 
also  be  explained  by  supposing  that  the  sympathetic  normally 
conveys  inhibitory  impulses  to  the  sphincter  muscle,  as  stimula- 
tion of  these  fibers  leads  to  dilatation  of  the  pupil.  (Gaskell.) 
These  fibers  are  supposed  to  take  origin  in  the  gray  matter  of 
the  cervical  spinal  cord.  The  sympathetic  also  supplies  the  walls 
of  the  vessels,  and  thus  controls  the  amount  of  blood  going  to 
the  iris,  and  this  contraction  of  the  pupil  has  been  explained 
as  due  to  vascular  engorgement.  It  is  argued  that  though  the 
vaso-motor  mechanisms  may  cooperate  in  dilatation,  theycannot 
be  its  only  cause,  as  the  widening  of  the  pupil  may  occur  in  a 
bloodless  eye.  Since  the  other  tissues  are  elastic,  and  antagonize 
the  sphincter,  paralysis  of  that  muscle  would  give  rise  to  dilata- 
tion, even  in  anemic  mydriasis. 

The  constricting  nerve  mechanism  of  the  sphincter  muscle  is 
distinct  and  more  definitely  understood.     Its  common  action  is 
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reflex :  the  stimulus  starts  in  the  retina,  and  travels  along  the 
optic  nerve  as,  an  afferent  channel  to  the  corpora  quadrigemina, 
where  there  is  a  center  governing  the  contractions  of  both  irides. 
The  eflferent  impulses  are  sent  by  the  third  nerve  to  the  len- 
ticular ganglion,  and  thence  by  the  short  ciliary  nerves  to 
the  eyeball. 

In  accommodation  for  near  objects  three  muscles  act  together, 
their  movements  being  "associated"  by  the  central  nerve 
mechanisms.  The  same  voluntary  effort  that  causes  the  ciliary 
muscle  to  contract  makes  the  sphincter  of  the  iris  contract, 
and  also  causes  the  internal  rectus  to  move  the  eye  inward.  The 
voluntary  nerve  center  must  be  in  intimate  relation  with  the 
reflex  center,  which  keeps  lip  the  tonic  action  of  the  sphincter 
iridis. 

We  have  then  central  governors  for  the  ciliary  and  iris  move- 
ments. The  ciliary  muscle,  and  reflexly  the  sphincter  of  the 
pupil,  are  caused  to  act  by  the  will.  The  sphincter  is  also 
excited  by  means  of  a  reflex  center,  receiving  stimulus  from  the 
retina.  The  dilator  of  the  pupil,  if  a  muscle,  is  also  kept  in 
gentle  tonic  action,  or  the  sphincter  may  be  partially  inhibited 
by  the  impulses  sent  from  the  spinal  cord  with  the  vaso-motor 
impulses,  via  the  sympathetic.  Some  think  that  the  blood 
supply  and  tissue  elasticity  explain  the  dilatation. 

Further,  from  the  undoubted  facts  (i)  that  some  reflex  con- 
traction of  the  pupil  may  be  produced  by  stimulating  the 
retina,  even  when  the  eye  is  cut  off  from  the  brain  centers,  and 
(2)  that  the  local  effect  of  the  atropin  in  dilating,  and  Calabar 
bean  in  narrowing  the  pupil,  seem  in  a  measure  independent  of 
the  central  nerve  organs,  it  has  been  concJ.udea  tlaat  theD^  must 
also  be  some  local  nerve  mechanism  in  the  eye  which  is  capai^le 
of  reflecting  impulses,  and  is  directly  affected  by^these  poisons. 

The  student  must  carefully  bear  in  mind  all  the  circ^irastances 
under  which  the  pupils  contract,  namely : — 

1.  The  application  of  strong  light  to  either  Vetina  causes 
reflex  stimulation  of  the  ciliary  nerveg  of  both  eyes. 

2.  Stimulation  of  the  nasal  or  ophthalmic  branches  of  the 
fifth  afferent  nerve  reflexly  excites  the  sphincter. 


(  \ 
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3.  Contraction  of  the  pupil  is  "associated  "  with  accommo- 
dation for  near  objects. 

4.  Similar  "associated"  contraction  always  accompanies 
inward  movement  of  the  eyeball. 

5.  During  sleep,  or  as  the  result  of  vaso-motor  disturbances  in 
the  brain  (anemia)  the  pupil  contracts. 

6.  Under  the  influence  of  physostigmin,  nicotin,  and  mor- 
phin. 

7.  From  any  stimulation  of  the  optic  or  third  nerves  or  of  the 
corpora  quadrigemina. 

The  circumstances  in  which  the  pupils  are  found  to  be 
dilated  are  equally  important  from  a  practical  point  of  view, 
namely : —  / 

1.  In  the  dark  or  with  insensitive  retinae. 

2.  Irritation  of  the  cervical  sympathetic. 

3.  Under  the  influence  of  atropin,  daturin,  etc. 

4.  In  the  asphyxia  or  dyspnea  from  venosity  of  the  blood. 

5.  Painful  sensations  from  the  skin,  etc. 

The  Ophthalmoscope. 

When  we  look  into  the  eye,  in  whatever  position  the  source  of 
light,  the  pupil  appears  quite  black.  The  reason  of  this  is  that 
the  retina  can  only  be  made  visible  by  the  light  reflected  out- 
ward from  it,  and  that  the  portion  of  the  rays  which  is  inflected 
by  the  retina  is  so  refracted  in  passing  out  of  the  eye  that  it 
precedes  only  the  same  path  as  that  traveled  by  the  light  on  its 
way  from  the  point  of  illumination  to  the  eye.  Consequently, 
unless  the.  ^ye  of  the  observer  be  placed  directly  in  this  path, 
none  of  these  ireiflected  rays  can  reach  it  to  enable  him  to  see  the 
fundus.   , 

That  is' to  say,  the  lens  and  other  refractive  media  that  bend 
the  rays  of  t^ie  ingoing  cone  of  light  to  a  focus  on  the  retina, 
also  bend  those  of  the  outgoing  cone  reflected  from  the  retina 
to  a  focus  at  the  point  of  illumination. 

The  fact  that  the  olabkness  of  the  interior  of  the  eye  is 
caused  by  the  diopftic  media,  can  be  shown  by  a  simple 
experiment.     Blacken  the  inside  of  a  pill-box  (about  an  inch 
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deep),  paste  printed  paper  on  the  bottom,  and  cut  a  round  hole 
half  an  inch  in  diameter  in  the  lid.  By  illuminating  the  interior 
of  the  box  obliquely  the  print  can  be  easily  recognized.  If  a 
convex  lens  of  one  inch  focus  be  placed  behind  the  opening,  the 
paper  cannot  even  be  seen,  and  the  opening  looks  black,  like  the 
pupil,  with  any  position  of  the  light.  The  paths  traversed  by 
the  rays  in  this  experiment  may  be  seen  in  Fig.  213. 


Diagram  Showing  the  Effect  of  a  Lens  on  the  Rays  of  Light  ReHected  from  the  Paper 
(Retina)  in  the  experiment  given  in  the  text,  e,  observer's  eye ;  c,  point  of  illumina- 
tion. On  the  left  the  reflected  rays  diverge,  and  some  pass  to  H.  On  the  right  they  are 
refracted  by  the  lens  to  form  a  cone.* 

In  the  left-hand  figure  of  the  above  wood-cut  the  first  case  is 
illustrated.  Here  the  divergent  rays  passing  from  the  candle,  C, 
to  the  surface,  P  P',  are  reflected  in  various  directions  from  it ; 
those  which  strike  the  blackened  interior  of  the  box  are 
absorbed ;  others  emerge  through  the  hole  in  the  lid,  and 
reaching  the  eye  placed  at  E,  enable  the  print  at  P  to  be  seen. 

The  second  case  is  shown  in  the  right-hand  figure.      Here, 

*  "  How  to  Use  the  Ophthalmoscope/*  by  Edgar  A.  Brown,  p.  33. 
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instead  of  diverging  until  they  reach  the  bottom  of  the  box,  the 
rays  are  refracted  by  the  lens  to  a  focus  at  the  point  F,  from 
which  they  pass  back  through  the  lens,  and  are  thereby  bent  to 
a  cone  converging  to  the  source  of  light.  No  rays  pass  in  the 
direction  E,  so  the  interior  of  the  box  looks  quite  black. 

In  attempting,  then,  to  view  the  fundus,  the  observer  must 
either  place  his  head  in  the  line  of  light,  or  the  light  in  the  line 
between  the  observed  eye  and  his  own ;  in  short,  his  eye  must 
lie  in  the  line  of  reflection  in  order  to  see  the  fundus.  If  we 
could  see  through  the  source  of  light,  the  above  object  would  be 
accomplished.  Helmholtz,  by  reflecting  light  into  the  eye  by 
means  of  transparent  glass  plates,  originally  succeeded  in  seeing 
through  the  plates  some  of  the  rays  reflected  from  the  fundus. 
In  this  method,  however,  the  power  which  enables  the  glass 
plates  to  reflect  the  luminous  rays  toward  the  eye,  also  robs  the 
observer  of  much  of  the  light  sent  back  from  the  retina  by 
reflecting  it  toward  the  source  of  light,  and  the  remaining  rays 
which  penetrate  the  glass  can-not  give  a  clear  image  of  the 
retina. 

A  simple  instrument,  the  ophthalmoscope,  is  now  in  general 
use  for  examining  the  retina.  This  consists  of  a  concave  mirror 
of  short  focal  distance,  which  is  substituted  for  the  transparent 
reflecting  plates.  The  rays  converging  from  the  mirror  to  the 
eye  are  brought  to  a  focus  on  the  retina,  and  thence  some  are 
reflected  outward,  and  converged  by  the  dioptric  media  to  the 
hole  in  the  center  of  the  mirror,  behind  which  the  observer's 
eye  is  placed  to  receive  the  cone  of  converging  rays. 

If  the  observer  place  his  eye  and  the  mirror  at  a  distance  of 
about  3  cm.  from  the  observed  eye,  and  the  refraction  of  both 
eyes  be  normal,  he  can  see  an  enlarged  virtual  image  of  the 
fundus.  If  the  refraction  of  either  eye  be  abnormal,  it  must  be 
corrected  by  a  suitable  lens  placed  behind  the  aperture  in  the 
mirror.     This  is  called  the  direct  method  of  examination. 

To  overcome  the  inconvenience  and  difficulty  of  this  mode  of 
examination  the  indirect  method  is  usually  employed.  In  it  a 
convex  lens  of  20  or  40  diopters  is  used  in  addition,  enabling 
the  observation  to  be  made  at  a  more  convenient   distance. 
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When  the  eye  has  been  illuminated,  the  lens  is  placed  at  its  proper 
focal  distance  (two  or  one  inches  respectively)  in  front  of  the 
eye.  By  the  converging  power  of  the  lens  a  real  inverted  image 
of  the  fundus  is  formed  in  the  air  a  couple  of  inches  to  the 
observer's  side  of  the  lens,  and  can  be  seen  by  him  through  the 
aperture  in  the  mirror  if  he  hold  his  head  at  a  distance  to  suit 
his  refraction. 
With  this  instrument  a  round,  whitish  part  is  seen  a  little  to 


Ophthalmoscopic  View  of  Fundus  of  Eye,  in  which  the  central  artery,  g  and  c,  and  the  cor- 
responding veins,  k  and  d^  are  seen  coursing  through  the  retina  from  the  optic  disc^. 


the  nasal  side  of  the  axis  of  the  eye,  where  the  nerve  pierces  the 
dark  choroid  coat.  This  is  called  the  optic  disc.  The  fundus 
now,  when  lighted  up,  does  not  look  black,  but  is  of  a  lurid  red 
color,  owing  to  the  great  vascularity  of  the  choroid  coat.  Over 
this  red  field  are  seen  a  number  of  blood-vessels,  which  start 
from  the  center  of  the  optic  disc,  and  radiating  over  the  fundus 
send  branches  to  the  most  anterior  parts  that  can  be  seen.  These 
are  the  branches  of  the  vessel  which  runs  in  the  center  of  the 
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nerve.  In  the  very  axis  of  the  eye  a  peculiar  depression,  free 
from  branches  of  the  blood-vessels,  can  be  seen.  This  central 
depression  (fovea  centralis)  differs  a  little  in  color  from  the 
neighboring  parts  during  life,  and  turns  yellow  at  death,  and 
hence  has  been  called  the  "yellow  spot."  The  retina  is  so 
transparent  that  we  cannot  see  it  with  the  ophthalmoscope,  but 
the  radiating  vessels  (central  arteries  and  veins  of  the  retina)  lie 
in  it,  and  are  devoted  to  the  nutrition  of  the  nervous  structure 
only. 

The  ophthalmoscope  has  proved  of  inestimable  value  not  only 
to  the  ophthalmologist,  but  also  to  the  physician,  as  a  means  of 
arriving  at  an  accurate  knowledge  of  disease.  Hence  it  has  be- 
come more  a  pathological  than  a  physiological  instrument. 

Light  Impressions. 
The  retina  is  that  part  of  the  eye  by  which  the  physical  mo- 
tions called  light  are  changed  into  what  are  known  physiologic- 
ally as  nerve  impulses,  by  means  of  which  the  impression  of 
light  is  excited  in  the  brain.  In  reaching  the  retina  the  light  is 
not  altered  from  the  light  with  which  physicists  experiment,  but 
at  the  retina  this  physical  motion  is  stopped.  The  optic  nerves 
no  more  convey  the  light  waves  from  the  eye  to  the  brain  than 
the  tactile  nerves  carry  the  objects  that  stimulate  their  endings. 
They  only  send  a  nerve  impulse  which  the  retina,  on  its  ex- 
posure to  the  light,  excites  in  the  terminals  of  the  optic  nerve. 
Any  form  of  stimulation,  if  applied  to  the  optic  nerve,  will 
cause  an  impulse  to  pass  to  the  brain,  which  there  sets  up  the 
sensation  of  light.  Thus  we  are  told  by  persons  who  have  had 
their  optic  nerves  cut  that  the  section  was  accompanied  by  the 
sensation  of  a  flash  of  light  but  not  pain.  Any  violent  injury 
of  the  eyeball  causes  a  flash  of  light  to  be  experienced.  Also, 
without  violent  injury,  if  we  close  the  eyes  and  turn  them  to  one 
side  and  then  press  through  the  lid  with  a  point  of  a  pencil  on 
the  other  side  of  the  eyeball,  we  have  a  sensation  of  a  point  or 
ring  of  light  from  the  retinal  stimulation.  Thus  we  say  that  the 
specific  energy  of  the  optic  nerves  excites  a  sensation  of  light, 
and  the  adequate  stimulus  of  the  nerve  terminals  of  the  organ 
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of  vision  is  light.  The  first  question  that  arises  is,  what  part  of 
the  retina  performs  this  important  work  of  stimulating  the  optic 
nerve  when  light  impinges  on  its  terminals  ? 

The  Function  of  the  Retina. 

The  retina  is  a  complex  peripheral  nervous  mechanism  com- 
posed of  many  elements,  the  special  functions  of  which  are  not 
adequately  known.  It  spreads  over  the  fundus  of  the  eye,  but 
where  the  nerve  pierces  the  coats  of  the  eyeball  there  is  nothing 
but  nerve  fibers,  and  hence  no  retina,  properly  so  called,  exists 
at  the  optic  disc. 

The  structure  of  the  retina  varies  in  different  parts,  but  the 
following  layers  can  be  recognized  in  most  regions  (Fig.  215). 
The  exceptions  will  be  mentioned  afterward. 

Lying  next  to  the  hyaloid  membrane  is  the  layer  of  nerve 
fibers  which  radiate  from  the  optic  disc  to  the  ora  serrata  near 
the  ciliary  region.  The  fibers  spread  evenly  o,ver  the  fundus 
except  at  the  central  point  (fovea  centralis),  which  they  avoid 
by  passing  above  and  below  it.  These  fibers  form  the  inner 
layer  of  the  retina. 

Next  to  the  fibers  is  a  layer  of  nerve  cells,  which  seem  to  have 
one  pole  connected  with  a  fiber  from  the  optic  nerve,  while 
from  the  other  side  two  or  three  poles  send  processes  into  the 
adjacent  layers  of  the  retina.  The  cells  are  numerous  near  the 
yellow  spot. 

Outside  the  foregoing  are  four  less  distinctive  layers.  The 
first  is  broad  and  granular ;  next,  two  layers  of  peculiar  nuclear 
bodies  are  found,  with  a  thin,  dense  one  of  granular  material 
between  them. 

Outside  these,  and  separated  by  a  fine  limiting  membrane,  is 
the  terminal  layer  of  the  retina.  It  consists  of  rods  and  cones 
which  are  connected  with  those  parts  of  the  retina  already 
named,  and  are  embedded  in  the  protoplasm  of  pigmented 
epithelial  cells,  which,  on  their  outer  face,  show  a  striking 
hexagonal  outline  (Fig.  218).  The  rods  and  cones  are  easily 
torn  away  in  histological  sections  from  the  pigmented  epithe- 
lium, but  the  epithelium  and  rods  and  cones  are  so  intimately 
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connected  in  their  development  and  function  that  they  ought 
to  be  regarded  as  a  single  layer, 
A  retinal  fierve  fibril  may  be  said  to  have  the  following  course  : 


Fig.  215. 


Pigmented  epithelium  lying  next  to 
the  choroid  coat. 


Rods  and  cones  with  their  extremities 
embedded  in  the  epithelial  cells. 


External  nuclear  layer. 


External  granular  layer. 


Internal  nuclear  layer. 


Internal  granular  layer. 


Layer  of  nerve  cells. 


Nerve  fiber  layer  in  which  the  retinal 
vessels  run  next  to  the  vitreous 
humor. 


Diagrammatic  Section  of  Retina,  showing  the  relation  of  the  different  layers  in  the  posterior 
part  of  the  fundus  (not  the  macula  iutea).    {Sckulize.) 


entering  the  eyeball  from  the  optic  nerve  at  the  porus  opticus,  it 
reaches  the  immediate  vicinity  of  the  hyaloid  membrane,  and 
runs  a  certain  distance  in  contact  with  that  membrane ;  it  then 
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turns  outward  toward  the  choroid  and  enters  a  nerve  cell.  From 
the  nerve  cell  pass  a  couple  of  filaments  which  traverse  the 
various  granular  and  nuclear  layers — where  they  p!-obably  inos- 
culate with  the  filaments  from  other  cells — and  finally  terminate 
in  a  rod  or  a  cone.  The  rods  and  cones  are  the  ultimate  ter- 
minals of  the  nerves,  and  they  lie  in  the  active  protoplasm  of 
the  peculiar,  pigmented  epithelial  cells. 

Fig.  2i6. 


Showine  the  Course  of  the  Fibers  of  the  Optic  Nerve,  n,  as  they  pass  along  the  inner 
surrace  of  retina,  R,  to  meet  the  ganglion  cells,  g^  whence  special  communications  pass 
outward  to  the  layer  of  rods  and  cones  in  the  pigment  layer,  p,  next  the  choroid,  c, 
within  the  sclerotic,  s. 


This  outer  layer,  consisting  of  rods  and  cones  lodged  in  epi- 
thelial protoplasm,  is  the  effective  part  of  the  retina.  Of  this 
we  have  the  following  evidence  : — 

1.  The  anatomical  fact  that  the  rods  and  cones  must  be 
regarded  as  the  nerve  terminals  of  the  optic  nerve. 

2.  That  the  macula  lutea,  where  the  retina  is.  chiefly  made  up 
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of  the  cone  layer,  is  very  much  the  most  sensitive  part,  and  near 
the  ora  serrata,  where  the  rods  and  cones  are  less  developed, 
sight  is  least  acute. 

3.  The  Blind  Spot.—'^ioxa.  the  facts  that  where  the  optic 
nerve  enters  the  eyeball  there  are  no  rods  and  cones,  and  that 
though  the  nerve  fibers  are  fully  exposed  to  the  light  they 
cannot  appreciate  it,  this  part,  the  optic  disc,  is  called  the 
"blind  spot."  This  shows  that  the  nerve  fibers  are  quite 
insensitive  to  light,  and  that  we  must  look  to  the  terminals  for 
its  appreciation.  The  existence  of  the  blind  spot  can  be  demon- 
strated as  follows.  Shut  the  left  eye,  and  hold  the  left  thumb, 
at  ordinary  reading  distance,  in  front  of  the  other  eye.  While 
the  right  eye  is  fixed  on  the  left  thumb,  bring  the  right  thumb 
to  within  about  four  inches,  and  move  it  slowly  an  inch  or  so 
from  side  to  side.  A  little  practice  soon  enables  one  to  find  a 
place  where  the  right  thumb  nail  disappears.  It  also  can  be 
demonstrated  by  keeping  the  right  eye,  the  left  bei"ng  closed, 
fixed  on  the  small  letter  "  a  "and  moving  the  page  to  or  from  the 
eye  very  slowly ;  a  distance  (about  ten  inches)  may  thus  be  reached 
where  the  large  letter  "A"  is  quite  lost.  On  approaching  the 
page  when  "  A  "  is  invisible,  the  letter  reappears  from  the  inner 
side  and  "x"  is  first  seen;   on  withdrawing  the  page  it  comes 


into  view  from  the  outer  side,  and  "  o  "  is  first  seen.  By  vary- 
ing the  direction  and  noting  the  near  and  far  limits  of  "  A's  " 
being  invisible,  one  can  mark  out  the  extent  of  the  fundus  which 
is  blind.  This  blind  spot  is  not  noticed  in  ordinary  vision,  as 
we  have  habitually  overcome  the  deficiency  by  the  experience 
derived  from  the  use  of  both  eyes  since  infancy.  By  rapid 
movements  one  eye  hides  the  deficiency,  as  is  found  when 
attempting  the  experiment  just  described.- 
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4.  Purkinje's  Figures. — The  fact  that  when  the  eye  is  illumi- 
nated in  a  peculiar  way  we  can  see'  the  shadow  of  the  blood- 
vessels which  lie  in  the  inner  layers  of  the  retina  thrown  upon 
the  outer  layer  of  rods  and  cones,  also  shows  the  latter  to  be 
the  sensitive  part.  This  phenomenon,  known  as  "  Purkinje's 
figures,"  can  be  demonstrated  as  follows.  Close  the  left  eye  in 
a  dark  room,  with  an  evenly  dull-colored  wall,  and  while  you 
stare  fixedly  at  the  wall  with  the  right  eye  turned  inward  hold 
a  candle  to  its  outer  side  so  that  the  light  can  reach  the  fundus 
of  the  eye  from  the  side.  With  a  little  practice  the  least  motion 
of  the  candle  will  bring  out  an  arborescent  figure  on  the  wall 
which  exactly  corresponds  to  the  retinal  vessels.  It  may  also 
be  seen  by  arranging  a  microscope  so  as  to  show  a  bright  light 
on  looking  into  the  instrument,  and  either  moving  it  or  the  head 
slightly  but  constantly,  the  shadows  of  the  retinal  vessels  will  be 
clearly  seen  as  though  they  were  under  the  instrument. 

Retinal  Stimulation. 
Poinf^of  Greatest  Sensitiveness. — As  in  the  perception  of  two 
points  of  contact  with  the  skin,  so  we  find  that  the  retina  ceases  to 
be  able  to  distinguish  the  difference  between  two  luminous  points 
if  they  be  brought  to  a  focus  at  a  distance  of  less  than  .002  mm. 
from  one  another.  This  distance  nearly  corresponds  to  the 
diameter  of  the  cones,  and  it  is  supposed  that  the  rays  from  two 
luminous  points  must  come  upon  two  different  cones  in  order  to 
be  visible  as  two  distinct  objects.  The  cones  are,  however,  very 
irregularly  distributed  over  the  retina,  being  packed  closely 
together  at  the  yellow  spot,  and  scattered  more  and  more  widely 
apart  as  one  passes  to  the  peripheral  parts  of  the  retina.  It  is 
only  at  the  yellow  spot  that  the  cones,  which  are  here  very  thin, 
are  so  close  together  as  .002  mm.,  so  that  this  estimation  of  the 
size  of  visual  areas  could  only  hold  good  of  the  yellow  spot,  and 
toward  the  peripheral  parts  the  power  of  discrimination  must  be 
much  less  keen.  This  is  found  to  be  the  case,  for  in  ordinary 
vision  everything  to  be  seen  clearly  with  a  sharp  outline  must  be 
brought  upon  the  yellow  spot.  This  is  spoken  of  as  "  direct 
vision."     The  images  falling  on  the  other  parts  of  the  retina  are 
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but  dim  and  indistinct  outlines,  and  these  are  spoken  of  as  "in- 
direct vision." 

Variations  in  Stimulation.— The  stimulus  need  only  be  applied 
for  a  very  short  time  to  cause  a  distinct  sensation,  for  we  can 
readily  see  a  single  electric  spark  ;  and  ,it  need  only  aflFect  an 
extremely  small  part  of  the  retina,  as  a  minute  speck  of  light  can 
be  seen  by  direct  vision,  and  a  very  feeble  ray  suffices  to  stimulate 
the  retina.  The  amount  of  stimulation  produced  depends  upon 
(_i)  the  intensity  of  the  light,  i.  e.,  the  amount  of  light  received 
in  a  given  area ;  (2)  the  duration  of  its  application ;  (3)  the 

Fig.  217. 


Section  of  the  Retina  at  the  Yellow  Spot,  showing  the  great  number  of  cones,  a,  at  this 
point  and  the  thinness  of  the  other  layers,     {Cadiat.) 


extent  of  retina  to  which  it  is  applied  ;  (4)  the  part  of  the  retina 
stimulated;  (5)  the  darker  the  background  the  weaker  the  illu- 
mination we  can  distinguish,  i.  e. ,  the  greater  the  stimulating 
effect  of  a  weak  light  ;  (6)  by  fatigue  the  retina  loses  its  power 
of  appreciating  light,  and  more  stimulus  is  required  to  produce  a 
given  effect.  An  increase  of  intensity  does  not  cause  an  exactly 
proportional  increase  of  stimulation,  for  we  find  the  more  the 
light  is  intensified  the  less  we  notice  a  fresh  increment  of  light, 
until  a  degree  of  intensity  is  arrived  at  when  no  further  addition 
can  be  detected,  and  the  light  becomes  blinding.     The  less  the 
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absolute  intensity  of  two  lights  the  better  we  distinguish  any  dif-  - 
ference  that  may  exist  between  them. 

Duration. — The  effect  lasts  for  an  appreciable  time  after  the 
stimulus  has  been  removed,  particularly  if  the  light  be  very 
intense.  This  can  be  observed  when  a  brilliant  point  is  in  rapid 
motion  \  instead  of  a  point  a  streak  of  light  is  seen.  Thus  part 
at  least  of  the  trail  of  falling  stars  is  caused  by  the  persistence  of 
the  stimulation,  and  a  luminous  body  rapidly  rotated  gives  the 
impression  of  a  circle  of  fire. 

When  the  stimulus  is  very  intense,  such  as  an  electric  light,  or 
when  we  look  at  a  bright  object  like  the  globe  of  a  lamp  steadily 
for  some  time,  the  effect  persists,  and  after  the  eyes  are  shut  we 
see  a  faint  image  of  the  object.  This  is  called  the  positive  after 
image.  If  the  retina  be  exposed  to  a  bright  light  until  it  be 
fatigued,  and  then  suddenly  turning  we  gaze  at  a  white  wall,  the 
bright  part  or  the  positive  after  image  is  replaced  by  a  dark  figure 
which  is  termed  the  negative  after  image. 

A  strong  stimulus  applied  to  the  retina  spreads  from  the  part 
upon  which  the  bright  image  falls  to  those  in  its  immediate 
neighborhood,  so  that  the  bright  object  looks  larger.  This 
phenomenon  is  called  irradiation.  It  helps  to  explain  many  of 
the  peculiarities  of  vision. 

Excitation  of  Nerve  Impulse. 
The  question  now  arises,  how  do  the  retinae,  or  rather  their 
outer  layers,  convert  light  into  a  nerve  stimulus?  It  would 
appear  quite  out  of  the  question  that  the  394  to  760  billions  of 
waves  of  light  per  second  could  mechanically  excite  the  nerve 
terminals  as  the  waves  of  sound  are  believed  to  excite  the  end- 
ings of  the  auditory  nerve.  We  know  that  light  has  a  very  dis- 
tinct action  on  many  chemical  combinations,  such  as  reducing 
salts  of  silver  and  gold,  etc.  We,  therefore,  imagine  that  the 
light  waves  may  set  up,  in  the  outer  layer  of  the  retina,  certain 
intermolecular  motions  or  chemical  changes,  the  result  of  which 
is  that  the  nerve  fibers  are  stimulated  to  activity  and  transmit  an 
impulse  to  the  brain.  The  light  possibly  produces  a  change  in 
the  outer  layer  of  the  retina  which  in  some  respects  may  be  com- 
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pared  to  that  which  occurs  on  a  sensitive  photographic  plate. 
The  comparison  is  true  in  some  respects  only,  because,  while  the 
chemical  change  on  the  sensitive  plate  persists  so  as  to  give  rise 
to  a  permanent  photograph,  in  the  eye  it  only  lasts  for  the  brief 
moment  during  which  we  can  recognize  the  positive  afterimage. 
We  have  seen,  in  a  previous  chapter,  that  in  muscle  considerable 
chemical  change,  causing  the  contraction,  is  rapidly  repaired. 
In  a  similar  manner  in  the  retina  a  new  sensitive  plate  is  at  once 
produced  by  the  restoration  of  the  normal  condition  of  the 
molecules. 

The  view  that  the  layer  of  rods  and  cones  undergoes  a  chemi- 
cal change  on  exposure  to  light  which  suffices  to  excite  the  optic 
nerve,  receives  support  from  the  observation  that  a  color  of  a 
red  or  purplish  hue  exists  in  the  outer  part  of  the  rods  and  that 
this  color  changes  when  exposed  to  the  light.  But  this  so-called 
visual  purple  has  not  an  inseparable  connection  with  vision,  since 
it  is  absent  where  the  retina  is  most  sensitive,  i.  e.,  the  fovea  cen- 
tralis, where  there  are  no  rods,  and,  further,  frogs  with  blanched 
eyes  seem  to  see  quite  well.  Certain  rays  of  light  have  a  dis- 
tinct thermic  influence,  and  hence  the  possibility  exists  that  the 
nerve  impulse  is  started  in  the  retina  by  some  delicate  thermic 
stimulus. 

Against  the  chemical  and  thermic  origin  of  the  retinal  stimu- 
lation may  be  urged  the  fact  that  the  rays  of  the  spectrum  which 
are  most  efficient  in  exciting  chemical  and  thermic  effects  (ultra- 
violet and  ultra-red  respectively)  do  not  excite  any  nerve  impulse 
in  the  retina. 

Ty^t  pigmented  epithelial  cells  of  the  retina  have  been  observed 
to  change  their  shape  slightly,  and  definitely  to  alter  the  position 
of  the  pigment  granules  they  contain  when  exposed  to  light. 
When  we  remember  how  sensitive  to  light  is  the  protoplasm  of 
many  unicellular  infusoria,  we  cannot  be  surprised  that  the  pro- 
toplasm of  the  retinal  epithelium  is  affected  by  it.  In  the  pig- 
ment cells  of  the  frog's  skin  we  are  familiar  with  a  change  in 
shape  and  in.  the  arrangement  of  their  pigment  granules  in 
response  to  different  light  stimuli.  We  know,  further,  that  in  the 
nervous  centers  nerve  impulses  often  originate  in  protoplasm 
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under  the  influence  of  slight  changes  in  temperature  or  nutri- 
tion. It  would  hardly  be  too  much  to  assume,  then,  that  the 
retinal  epithelium  has  some  important  share  in  the  transforma-' 
tion  of  light  into  a  nerve  stimulus.  The  arguments  pointing  to 
the  rods  and  cones  as  the  essential  part  of  the  retina  apply 
equally  well  to  the  pigmented  epithelium,  for  they  are  so  dove- 

FlG.   2l8. 


Epithelial  Cells  of  the  Retina,    a,  seen  from  the  outer  surface ;  d,  seen  from  the  side,  as   in 
a  section^f  the  retina;  c,  shows  some  rods  projecting  into  the  pigmented  protoplasm. 


tailed  one  into  the  other  that  practically  they  form  but  one  layer. 
They  are  not  known  to  be  connected  with  the  nerve  fibers,  but 
they  may  still  be  influenced  by  the  light,  and  communicate  the 
effect  to  the  contiguous  nerve  terminals,  which  appear  to  be 
elaborately  adapted  to  the  appreciation  of  subtle  forms  of  stimu- 
lation. 

CoLOit  Perceptions. 
If  a  beam  of  white  sunlight  be  allowed  to  pass  through  an 
angular  piece  of  glass  it  is  decomposed  into  a  number  of  colors 
which  may  be  seen  by  looking  through  the  prism,  or  may  be 
thrown  on  a  screen,  like  that  of  a  camera.  These  colors, 
which  look  like  a  thin  slice  of  a  rainbow,  are  together  called  the 
spectrum.  The  white  solar  light  is  thus  shown  to  be  a  com- 
pound of  rays  of  several  colors  which  possess  different  degrees 
of  refrangibility  and  hence  are  separated  on  their  way  through 
the  prism.  The  violet  rays  are  the  most  bent,  and  the  red  the 
least,  so  that  these  form  the  two  extremes  of  the  visible  spectrum. 
The  difference  of  color  depends  upon  the  different  lengths  of 
the  waves,  the  vibrations  of  violet  (762  billions  per  second)  being 
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much  more  rapid  than  those  of  red  (394  billions  per  second). 
Beyond  the  visible  spectrum  at  the  red  end  there  are  other  rays 
which,  though  they  look  black  to  the  eye,  are  capable  of  trans- 
mitting heat.  This  thermic  power  is  best  developed  in  these 
ultra-red  rays,  and  fades  gradually  toward  the  other  end  of  the 
spectrum.  Outside  the  violet  are  ultra-violet  rays,  which,  though 
non-exciting  to  the  retina,  are  very  active  in  inducing  many 
chemical  changes.  Only  those  ether  vibrations  which  have  a 
medium  length  can  stimulate  the  retina. 

If  two  different  colors  be  mixed  before  reaching  the  retina,  or 
be  applied  to  it  in  very  rapid  succession  one  after  the  other,  an 
impression  is  produced  which  differs  from  both  the  colors  when 
looked  at  separately ;  thus  violet  and  red  give  the  impression  of 
purple,  a  color  not  in  the  spectrum.  If  all  the  colors  of  the 
spectrum  in  the  same  proportion  and  with  the  same  brightness 
fall  upon  the  retina,  the  result  is  white  light.  This  we  know 
from  the  common  experience  of  ordinary  white  light,  which  is 
really  a  mixture  of  all  the  colors  of  the  spectrum,  and  we  can 
see  it  with  a  "color  top  "  painted  to  imitate  the  colors  of  the 
spectrum.  When  the  top  is  spinning,  the  colors  meet  the  eye  in 
such  rapid  succession  that  the  stimulus  of  each  falls  on  the  retina 
before  that  of  the  others  has  faded  away,  and  thus  many  colors 
are  practically  applied  to  the  retina  at  the  same  time,  and  the 
top  looks  nearly  white. 

It  has  been  found  that  certain  pairs  of  colors  taken  from,  the 
spectrum  when  mixed  in  a  certain  proportion  produce  white. 
These  are  complementary  to  one  another.  The  complementary 
colors  are : — 

Red  and  peacock-blue.  Yellow  and  indigo. 

Orange  and  deep  blue.  Greenish-yellow  and  violet. 

If  colors  which  lie  nearer  to  each  other  in  the  spectrum  than 
these  complementary  colors  be  mixed,  the  result  is  some  color, 
which  is  to  be  found  in  the  spectrum  between  the  two  selected 
colors. 

The  perception  of  the  vast  variety  of  shades  of  color  that  we 
can  distinguish  can  only  be  explained  by  means  of  this  color 
mixing.     We  may  suppose  (with  Hering)  that  there  are  three 
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varieties  of  material  in  the  retina,  each  of  which  gives  rise  to 
antagonistic  or  complementary  color  sensations,  according  as 
they  undergo  increased  or  decreased  molecular  activity,  these 
antagonistic  states  being  produced  by  the  complementary  colors. 
Thus  one  substance  gives  the  sensation  of  black  or  white, 
another  red  or  green,  another  yellow  or  blue,  according  as  they 
are  in  exalted  or  diminished  activity.  A  varying  degree  of 
these  stimulations  can  be  easily  shown  to  give  many  differences 
of  shade. 

Or  we  may  assume  that  there  are  three  primary  colors  which 

Fig. 2ig. 
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=  violet. 


Diagram  of  the  Three  Primary  Sensations  ;  i=red;  2=green;  3  = 
The  letters  below  are  the  initials  of  the  colors  of  the  spectrum. 

The  height  of  the  shaded  part  gives  the  extent  to  which  the  several  primary  sensations  are 
excited  by  different  kinds  of  light  in  the  spectrum. 


overlap  one  another  in  the  spectrum  so  as  to  produce  all  the 
various  tints.  These  are  red,  green,  and  violet ;  the  arrangement 
of  which  may  be  diagrammatically  explained  (Fig.  219). 

We  must  in  this  case  further  assume  (Young,  Helmholtz)  that 
there  are  in  the  retina  three  special  sets  of  nerve  terminals,  each 
of  which  is  selectively  stimulated  by  red,  green,  or  violet 
respectively,  and  the  innumerable  shades  of  color  we  see 
depend  upon  mixtures  of  different  strengths  of  these  primary 
colors,  producing  different  degrees  of  stimulation  of  each  set  of 
nerve  terminals. 

The  view  that  such  special  nerve  apparatus  exists  for  red, 
53 
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green,  and  violet  is  supported  by  the  fact  that  the  most  anterior 
or  marginal  part  of  the  retina  is  incapable  of  being  stimulated 
by  red  objects,  which  look  black  when  only  seen  by  this  part  of 
the  retina.  This  inability  to  see  red  may  extend  over  the  whole 
retina,  as  is  found  in  some  persons  who  may  be  said  to  be  "  red 
blind."  If  we  investigate  our  negative  after  images,  after  look- 
ing for  a  long  time  at  a  red  object,  we  iind  them  to  be  greenish 
blue.  That  is  to  say,  the  nervous  mechanism  for  receiving  red 
impressions  is  fatigued,  and  that  of  its  complementary  color  is 
easily  stimulated. 

Mental  Operations  in  Vision. 

Our  visual  sensations  enable  us  to  perceive  the  existence,  posi- 
tion, and  correct  form  of  the  various  objects  around  us.  For 
visual  perception  much  more  is  necessary  than  the  mere  perfec- 
tion of  the  dioptric  media  of  the  eye  and  of  the  retinal  nerve 
mechanisms.  Besides  the  changes  produced  in  the  retina  by 
light  and  the  excitations  in  the  nerve  cells  of  the  visual  center, 
there  must  be  psychical  action  in  other  cells  of  the  cortex  of 
the  brain.  This  psychical  action  of  the  brain  consists  of  a 
series  of  conclusions  drawn  from  the  experiences  gained  by  our 
visual  and  other  sensations. 

Our  ideas  of  external  objects  are  not  in  exact  accord  with  the 
image  produced  on  the  retina  and  transmitted  to  the  brain,  but 
are  the  result  of  a  kind  of  argument  carried  on  unconsciously 
in  our  minds.  Thus  when  no  light  reaches  the  retina,  we  say 
(without  what  we  call  thought)  that  it  is  dark  ;  our  retina  being 
unstimulated,  no  impulse  is  communicated,  and  the  sensation  of 
blackness  arises  in  our  sensorium.  When  luminous  rays  are 
reflected  to  the  retina  from  various  objects  around  us,  the  physio- 
logical impulse  starts  from  the  eye,  but  in  the  brain,  by  uncon- 
scious psychical  activity,  it  is  referred  in  our  minds  to  the  objects 
around  us,  so  that  mentally  we  project  into  the  outer  world  what 
really  occurs  in  the  eye.  So  also,  from  habit,  we  re-invert  in 
our  minds  the  image  which  is  thrown  on  the  retina  upside-down 
by  the  lens,  and  so  unconscious  are  we  of  the  psychical  act  that 
we  iind  it  hard  to  believe  that  our  eyes  really  receive  the  image 
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Fig,  220. 
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of  everything  inverted,  and  our  minds  have  to  reinstate  it  to 
the  upright  position. 

One  of  the  most  important  means  employed  to  enable  us  to 
form  accurate  visual  perceptions  is  the  varied  motion  which  the 
eyeballs  are  capable  of  performing. 

Movements  of  the  Eyeballs. 
The  eyeballs  may  be  regarded  as  spherical  bodies,  lying  in 
loosely  fitted  sockets  of  connective  tissue  padded  with  fat,  in 
which  they  can  move  or  revolve  freely  in  all  directions,  in  a 
limited   degree.      The   muscles 
which  act  directly  on  the  eyeball 
are  six  in   number.     Four  recti 
passing  from   the   back   of  the 
orbit  are  attached  to  the  eyeball, 
one  at  each  side  and  one  above 
and   below,    not    far    from    the 
cornea.     These  move  the  front 
of  the  eye  to  the  right  or  left,  ^'"'^ 
up  or  down,  respectively.     Two 
oblique,  passing  nearly  horizon- 
tally outward  and  a  little  back- 
ward, are  attached  to  the  upper 
and  under  surface  of  the  eyeball 
respectively.    These  muscles  can 
slightly   rotate   the   eye   on    its 
antero-posterior  axis,  the  upper 
one  drawing  the  upper  part  of 
the     eyeball     inward,    and     its 

antagonist,  the   lower,    drawing    Jf,ltd^.°(  ?;es^''S,e?Jf^^^ 
the  lower  part  inward,  so  as  to    ScTfr^^shown°'b';'S:/"dot:;e^d^re"''Th: 
rotate  the  eyeball  in  an  opposite    '"""7*  °!""  rf."'  rotate  the  bail  on  its 

J  ^^  vertical  axis,  which   is   cut  across.    The 

direction  round  the  same  axis.         ^S"''Y'f"l  "i?"^^  °^  ''^  muscles  are 

affixed  to  the  lines. 

The  internal  and  external  recti 
draw  the   center   of  the   cornea   to  or  from  the  median  line 
respectively,  directly  opposing  one  another. 

As  the  direction  of  the  superior  and  inferior  recti  is  different 


r.ext. 


Diagram   of  the  Direction  of  Action  of  the 
" is   shown 
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from  that  of  the  axis  of  the  eyeball,  they  draw  the  outer  edge  of 
the  cornea,  not  its  center,  up  and  down  respectively,  and  at  the 
same  time  tend  to  give  the  eyeball  a  slight  rotation  in  the  same 
direction  as  the  corresponding  oblique  muscles.  The  tendency 
to  rotation  is  counteracted  by  the  antagonistic  oblique  muscle 
when  simple  elevation  or  depression  is  performed. 

Thus  pure  abduction  or  adduction  only  requires  the  unaided 
action  of  the  internal  or  external  recti,  while  direct  depression  of 
the  eye  requires  the  combined  action  of  the  inferior  rectus  and 
superior  oblique,  and  direct  elevation  requires  the  superior  rectus 
and  inferior  oblique  to  act  together.  The  oblique  movements 
are  accomplished  by  various  combined  coordinations"  of  move- 
ment of  the  different  muscles. 

From  the  foregoing  it  is  obvious  that  the  simplest  movements 
of  the  eye  require  the  cooperation  of  different  muscles. 

The  diagram  shows  the  directions  toward  which  the  different 
muscles  tend  to  draw  the  eyeball. 

In  the  ordinary  movements  of  both  eyes  more  than  this  is 
necessary.  Both  eyes  must  move  in  the  same  direction  at  the 
same  time,  now  to  the  right,  now  to  the  left,  so  that  while  the 
external  rectus  moves  the  right  eye  to  the  right  side,  the  internal 
rectus  moves  the  other  eye  in  the  same  direction;  The  co- 
ordination of  the  movements  of  the  eyeball  is  so  arranged  that 
the  contractions  of  the  external  and  internal  recti  of  opposite 
sides  must  occur  together,  and  are  called  "associated  move- 
ments." This  associated  movement  has  been  acquired  by  the 
habit  of  voluntarily  directing  both  eyes  at  the  same  object,  and 
has  gradually  become  involuntary,  for  few  persons  have  the  power 
of  exerting  control  over  the  muscles  of  one  eye  alone. 

Binocular  Vision. 
When  we  look  at  an  object  with  both  eyes  we  have  a  separate 
image  thrown  upon  each  retina,  and  therefore  two  sets  of  impulses 
are  sent  to  the  sensorium,  one  from  the  right  and  one  from  the 
left  eye.  Yet  we  are  only  conscious  of  the  occurrence  of  one 
stimulation.  The  reason  of  this  is,  that  experience  has  taught 
us  that  similar  images  thrown  upon  certain   parts  of  the  two 
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retinae  correspond  to  the  same  object,  and  in  our  minds  we  fuse 
the  sensations  caused  by  the  two  images  so  that  they  produce  but 
one  idea. 

These  points  of  the  retina  which  are  thus  habitually  stimulated 
by  the  same  objects  are  called  "corresponding  points." 

Besides  being  of  great  use  in  making  up  for  such  deficiencies 
as  the  blind  spots  (which  are  not  corresponding  points)  binocu- 
lar vision  is  useful  for  the  following  purposes : — 

To  judge  of  distance.  When  using  one  eye  only,  some 
knowledge  of  distance  may  be  gathered  by  the  force  employed 
to  accommodate,  but  a  much  more  accurate  judgment  can  be 
formed  when  both  eyes  are  used  and  the  muscular  sense  of  the 
ocular  muscles,  employed  in  converging  the  eyeballs  for  near 
objects,  gives  further  evidence  of  their  distance. 

In  judging  of  size  in  the  same  way,  with  one  eye,  we  can  only 
have  an  idea  of  the  apparent  size  of  an  object,  which  will  vary 
with  its  distance.  With  a  knowledge  of  apparent  size  and 
distance,  such  as  is  gained  by  binocular  vision,  we  can  come  to  a 
fairly  accurate  conclusion  as  to  the  size  of  an  object. 

To  judge  of  the  relative  distances  of  objects  so  as  to  see  depth 
in  the  picture  'before  our  eyes,  binocular  vision  is  necessary.  If 
one  eye  alone  is  used  we  see  a  flat  picture  without  having  an 
accurate  idea  of  the  relative  distances  of  the  different  objects. 
With  each  eye,  however,  we  get  a  slightly  different  view  of  each 
object,  and  thus  we  are  helped  to  a  conclusion  as  to  their  exact 
distances  and  shapes,  and  arrive  at  fairly  correct  judgments  as  to 
their  form,  etc. 
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CHAPTER  XXXII. 

HEARING. 

Just  as  impulses  traveling  along  the  optic  nerves  can  only 
give  rise,  in  the  sensorium,  to  impressions  of  light,  so  impulses 
passing  to  the  sensorium  vi&  the  auditory  nerve  can  only  excite 
impressions  of  sound,  and  any  stimulation  of  that  nerve  gives 
rise  to  sound  sensations. 

The  peripheral  end  of  the  special  nerve  of  hearing  is  distri- 
buted to  an  organ  of  very  peculiar  construction  situated  in  the 
internal  ear,  which,  from  its  complexity,  has  been  called  the 
labyrinth.  The  nerve' endings  are  spread  out  between  layers  of 
fluid,  so  that  they  must  be  stimulated  by  very  gentle  forms  of 
movement ;  and  when  we  consider  their  delicacy,  we  cannot  be 
surprised  that  even  sound  vibrations  suffice  to  stimulate  these 
terminals  and  transmit  nerve  impulses  to  the  brain.  The 
organs  of  hearing  of  mammalia  are  so  deeply  placed  in  the 
petrous  part  of  the  temporal  bone  that  special  mechanisms 
have  to  be  adopted  to  convey  the  sound  with  sufficient  intensity 
from  the  air  to  the  fine  nerve  terminals.  These  make  up  a 
complex  piece  of  anatomy  which  will  be  briefly  referred  to 
presently.  ^ 

Sound. 
Before  attempting  to  describe  the  complex  mechanisms  by 
which  sound  is  conveyed  from  the  air  to  the  nerve  endings, 
some  notion  must  be  formed  of  what  sound  is  from  a  merely 
physical  standpoint.  By  means  of  the  sense  of  hearing  we 
form  an  idea  of  sound,  and  here  the  knowledge  of  sound  ends 
with  many,  since  they  only  think  of  it  as  something  they  can  hear. 
A  physicist,  however,  regards  sound  in  a  different  way.  He 
knows  that'  it  is  produced  by  the  vibrations  of  elastic  bodies, 
such  as  a  tense  string,  a  metal  rod,  or  an  elastic  membrane. 
These  vibrations,  being  communicated  to  the  air,  are  conveyed 
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by  it  to  special  nerve  endings,  where  they  set  up  a  nerve  im- 
pulse. The  impulse  is  transmitted  along  the  nerve  to  the  brain, 
and  there  gives  rise  to  the  sensation  with  which  we  are  familiar 
as  sound. 

The  vibrations  of  the  air  are  wave-like  movements  depend- 
ing upon  a  series  of  changes  of  density  in  the  gases,  the  particles 
of  which  move  toward  or  from  one  another,  and- transmit  the 
motion  to  their  neighbors,  so  as  to  propagate  the  sound  wave. 
To  demonstrate  these  vibrations  a  special  apparatus  must  be 
used. 

When  a  tuning-fork  is  struck  it  is  thrown  into  vibration  and 
a  sound  is  given  forth.  But  the  vi,brations  are  often  so  rapid 
and  so  small  that  the  motion  of  the  tuning-fork  cannot  be 
appreciated  by  the  eye.  But  if  a  fine  point  be  attached  to  one 
prong  of  the  tuning-fork  —  or,  indeed,  any  elastic  body,  such 
as  a  bar  of  metal  —  and  this  point  be  brought  into  contact  with 
a  moving  smoked  surface,  such  as  has  been  already  described 
for  similar  records,  a  little,  wavy  line  is  drawn,  showing  that  the 
vibrating  fork  moves  up  and  down  at  an  even  and  regular  rate. 
Each  up-and-down  stroke  indicates  a  vibration.  The  length  of 
the  wave,  as  drawn  on  the  evenly  moving  surface  of  the  recorder, 
shows  the  amount  of  time  occupied  by  each  vibration.  This  is 
always  found  to  be  the  same  for  a  tuning  fork  of  a  given  pitch, 
and  thus  the  recording  fork  is  in  constant  use  by  the  physiolo- 
gist as  an  exact  measure  of  small  intervals  of  time.  The  pitch 
of  the  note  depends  upon  the  rate  ox  period  ol  vibration,  a  tone 
of  a  certain  pitch  being  simply  a  sound  caused  by  so  many 
vibrations  per  second.  The  quicker  the  vibration  the  higher 
the  note,  and  the  slower  the  deeper,  until  at  the  rate  of  about 
thirty  per  second  no  sound  is  audible.  Whether  a  note  be 
produced  by  a  metal  fork,  a  tense  string,  or  any  other  vibrating 
body,  if  the  number  of  vibrations  per  second  be  the  same,  the 
note  has  the  same  pitch. 

The  elevation  of  each  vibration  as  seen  in  the  tracing  made 
by  a  recording  fork  is  different  at  different  times.  When  the 
fork  is  first  struck,  the  waves  are  high  and  well  marked ;  the 
excursions  of  the  recording  prong  beeome  less  and  less  extensive 
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as  the  fork  gradually  ceases  to  vibrate,  and  the  sound  dimin- ; 
ishes ;  or,  in    other  words,  as    the    sound   produced    becomes 
fainter  the  vibrations  become  smaller.      The  amount  of  excur-    , 
sion  made  by  the  vibrating  body  is  spoken  of  as  the  amplitude  of 
the  vibration,  and  upon  it  depends  the  loudness  or  intensity  of    / 
the  sound.     The  pitch  of  a  tone  bears  no  relation  to   the  am- 
plitude of  the  waves  of  vibration,  but  depends  upon  their  rate  ;    / 
while  its  loudness  is  quite  independent  of  the  period  occupied 
by  the  vibrations,  but  is  in  proportion  to   the  square    of   the 
amplitude  of  the  waves. 

So  far  only  tones  or  musical  notes  have  been  mentioned. 
They  are  produced  by  vibrations  occurring  at  perfectly  regular 
periods.  The  simpler  and  more  regular  the  vibrations,  the 
purer  the  tone.  The  great  majority  of  the  sounds  we  are  accus- 
tomed to  hear  are  not  pure  tones,  but  are  the  result  of  an  asso- 
ciation of  vibrations  bearing  some  relation  to  one  another. 
When  the  variety  of  vibrations  is  very  great,  their  intervals 
irregular  and  out  of  proportion,  they  give  rise  to  a  discordant 
sound  called  a  noise.  So  long  as  such  commensurability  exists 
in  the  rate  of  the  vibrations  as  to  produce  a  sound  not  disagree- 
able to  the  sense  of  hearing,  it  may  be  called  a  note. 

By  the  use  of  a  series  of  different  resonators,  each  of  which 
is  capable  of  magnifying  a  certain  tone,  it  can  be  shown  that 
the  clearest  and  purest  notes  of  our  musical  instruments  are  far 
from  being  simple  tones,  but  are  really  compounds  of  one  prom- 
inent note  or  fundamental  tone,  modified  by  the  addition  of 
numerous  over-tones  or  harmonics.  If  one  blows  forcibly  across 
an  orifice  leading  to  a  space  in  which  a  small  amount  of  air  is 
confined,  such  as  the  barrel  of  a  key  or  the  mouth  of  a  short- 
necked  flask  or  bottle,  either  a  clear  shrill  or  dull  booming 
sound  is  heard,  which  varies  in  pitch  according  to  the  propor- 
tions of  the  air-containing  cavity.  This  dull  note  is  a  simple 
tone.  It  is  devoid  of  character,  and  in  this  respect  differs 
greatly  from  the  notes  produced  by  a  musical  instrument.  The 
notes  of  every  instrument  have  certain  characters  or  qualities 
which  enable  even  an  unpracticed  ear  to  distinguish  them. 

This  quality,  which  is  independent  of  the  pitch  (J.  e.,  rate  of 
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vibration),  or  the  intensity  {i.e.,  amplitude  of  wave),  is  called 
the  color  or  timbre  of  the  note.  It  depends  on  the  number, 
variety,  and  relative  intensity  of  the  over-tones  or  harmonics 
which  accompany  the  notes.  So  that  really  the  timbre  or  quality 
of  a  note,  and  therefore  the  special  characters  of  the  different 
musical  instruments,  is  produced  by  their  impurity,  or  the  com- 
plexity of  the  over-tones  which  aid  in  producing  them. 

All  elastic  bodies  can  vibrate,  and  therefore  are  capable  of 
conducting  sounds.  Sound  vibrations  can  be  transmitted  from 
one  body  to  another  placed  in  contact  with  it.  From  a  hard 
material  the  waves  are  readily  communicated  to  the  air,  and 
this  is  the  ordinary  medium  by  means  of  which  sound  is  trans- 
mitted to  our  organs  of  hearing.  In  the  old  experiment  of 
placing  a  small  bell  under  the  glass  of  an  air-pump,  and  making 
the  tongue  strike  after  the  air  has  been  removed,  the  fact  that 
no  sound  is  produced  shows  that  the  medium  of  the  air  is  essen- 
tial for  the  transmission  of  sound  vibrations. 

The  transmission  of  waves  of  sound  from  the  air  to  more 
dense  materials,  such  as  those  which  surround  our  auditory 
nerve  terminals,  takes  place  with  much  greater  difficulty  than 
that  from  a  solid  to  the  air,  and  we  find  a  variety  of  contrivances 
by  which  the  gentle  air  waves  arriving  at  the  ear  are  collected 
and  intensified  on  their  way  to  the  labyrinth. 

The  medium  of  the  air  is  not  necessary  in  order  that  sound 
may  reach  the  internal  ear.  Nor  is  the  route  through  the  outer 
canal  and  the  drum  and  its  membrane  the  only  one  by  which 
the  vibrations  can  arrive  at  the  cochlea.  The  solid  bone 
which  surrounds  the  labyrinth  is  in  direct  communication  with 
all  the  bones  of  the  head,  and  sound  can  travel  along  these 
bones  and  reach  the  nerve  endings.  This  can  easily  be  proved 
by  placing  the  handle  of  a  vibrating  tuning-fork  against  the 
forehead,  or,  better  still,  against  the  incisor  teeth.  The  sound, 
although  previously  hardly  audible,  at  once  becomes  quite  dis- 
tinct, or  even  appears  loud. 

This  direct  conduction  through  the  bones  of  the  head  is, 
under  normal  conditions,  of  little  use  to  man;  but  attempts 
have  been  made,  in  cases  where  the  ordinary  auditory  passages 
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were  rendered  inefficient  by  disease,  to  gather  the  vibrations 
on  an  elastic  plate  and  apply  this  to  the  teeth.  This  direct  con- 
duction of  sound  is  very  valuable  in  determining  the  seat  of 
disease'  in  cases  of  deafness.  So  long  as  a  clear  sensation  of 
sound  reaches  the  brain  through  the  bones  of  the  head,  we 
know  that  the  important  nerve  endings  and  their  central  con- 
nections are  unimpaired,  and  conclude  that  the  disease  lies  in 
the  mechanical  conducting  parts  of  the  hearing  organ. 

In  fishes,  where  the  labyrinth  is  the  only  existing  ^art  of  the 
auditory  apparatus,  it  is  embedded  in  the  cranium,  and  the 
sound  waves,  arriving  through  the  medium  of  water,  are  directly 
conveyed  to  the  nerve  endings  by  the  bones  of  the  head.  An 
air-containing  tympanum  would  rather  impede  the  hearing  of 
these  animals. 

The  parts  of  the  ear  through  which  sound  passes  before  it 
reaches  the  nerve  are  separated  into  three  departments,  viz.  : — 
(i)  the  auditory  canal  and  external  ear ;  (2)  the  middle  ear, 
tympanum  or  drum,  which  is  shut  off  from  the  air  by  the 
tympanic  membrane ;  and  (3)  the  labyrinth. 

Conduction  of  Sound  Vibrations  through  the 
External  Ear. 
External  Ear. — In  man,  the  muscles  are  so  poorly  developed 
that  he  can  hardly  move  the  external  ear  or  pinna  perceptibly, 
and  the  part  commonly  called  the  ear  is  of  little  use.  We 
know  this,  because  the  outer  ear  may  be  quite  removed  without 
materially  affecting  the  power  of  hearing.  The  sound  reflected 
from  the  pinna  may  be  excluded,  without  reducing  the  intensity 
of  that  heard,  by  placing  a  little  tube  in  the  auditory  canal. 
Birds  hear  well  without  any  outer  ear.  But  the  movable  ears 
of  many  animals  are,  no  doubt,  useful  in  helping  them  to 
ascertain  the  direction  of  a  sound  by  catching  more  of  the 
vibrations  coming  toward  their  pinna.  That  the  external  ear 
may  be  of  some  use,  even  to  man,  one  is  led  to  believe,  by  the 
natural  readiness  with  which  a  person  with  dull  hearing  supple- 
ments it  by  means  of  his  hand.     In  this  act  the  ear  is  pushed 
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away  from  the  head  to  an  angle  of  about  forty-five  degrees,  and 
its  projection  is  considerably  increased. 

External  Auditory  Meatus.  — The  auditory  canal  is  a  crooked 
and  irregular  passage,  getting  rather  wider  as  it  approaches  the 
tympanic  cavity.  It  is  the  seat  of  some  short,  stiff  hairs, 
which  help  to  prevent  the  entrance  of  foreign  matters.  It  is 
supplied  with  a  peculiar  modification  of  sweat  glands,  which 
secrete  a  waxy  material  that  helps  to  keep  the  walls  of  the 
canal  and  the  outside  of  the  membrane  moist  and  soft. 

The  elastic  column  of  air  in  any  circumscribed  space  resounds 
more  readily  to  some  one  tone,  varying  according  to  the  capa- 
city of  the  space ;  thus,  resonators  of  different  pitch  are  formed. 
Different  tubes  give  different  notes  when  blown  into,  so  the  audi- 
tory canal  has  a  note  of  its  own,  and  if  the.  canal  be  short,  the 
note  is  one  of  very  high  pitch.  When  a  tone  of  the  same  pitch 
as  that  to  which  the  canal  is  tuned  strikes  the  ear  it  is  un- 
pleasantly magnified,  and  such  sounds  are  called  shrill  and  dis- 
agreeable. Upon  the  more  ordinary  sound  vibrations,  however, 
the  auditory  canal  has  little  or  no  effect. 

Conduction  of  Sound  Vibrations  through  the  Tympanum. 

The  end  of  the  auditory  canal  is  closed  by  the  membrana 
tympani,  which  slopes  obliquely  from  above  downward  and 
inward,  in  which  direction  its  size  is  greater  than  if  it  were 
straight  across  the  canal.  This  membrane  is  not  flat,  for  the 
central  point  is  drawn  in  by  the  handle  of  the  malleus,  which 
is  firmly  attached  to  it.  The  membrane  is  thus  held  in  the 
shape  of  a  very  blunt  cone,  somewhat  like  a  Japanese  umbrella, 
the  apex  of  which  points  inward  toward  the  cavity  of  the  drum. 
The  peculiar  form  of  the  membrane  of  the  drum  is  of  great 
importance  for  distinct  hearing. 

As  every  confined  volume  of  air  has  a  certain  proper  tone  to 
which  it  resonates  readily,  so  a  membrane  of  a  given  size  and 
tension  has  a  proper  tone  {self-tone),  the  vibration  period  of 
which  it  follows  naturally.  This  tone  varies  with  the  tension, 
as  may  be  seen  in  a  common  drum,  the  note  of  which  can  be 
changed  with   the  tension   of   its  parchment;    the  tenser  the 
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membrane,  the  higher  the  pitch.  If  the  membrane  of  the 
drum  of  our  ears  were  set  to  one  tone,  our  hearing  would  be 
imperfect  and  unpleasant,  for  we  should  be  wearied  by  the 
reiteration  and  persistence  of  the  one  note.  This  does  not 
occur ;  the  tympanic  membrane  has  no  marked  self-tone,  and 
no  succession  of  vibrations  follows  the  first  effect  of  the  sound 
waves. 

Any  self-tone  is  prevented  by  the  conical  shape  of  the  mem- 
brane, which  is  partly  due  to  the  traction  of  the  handle  of  the 
malleus.  If  a  stretched  membrane,  such  as  that  of  a  drum,  be 
drawn  out  at  its  center,  so  that  it  is  no  longer  a  flat  surface, 
its  tension  is  different  at  the  center  and  the  periphery,  being 
greatest  at  that  point  at  which  it  is  drawn,  and  gradually 
decreasing  toward  the  margin.  Since  the  existence  of  a  tone 
of  a  definite  pitch  depends  upon  a  certain  degree  of  tension,  if 
no  two  parts  of  the  membrane  are  similarly  tense,  no  one  tone 
can  be  more  conspicuous  than  another.  This  is  the  case  with 
the  tympanic  membrane. 

The  independent  vibrations  of  the  membrane  are  further 
prevented  by  the  tympanic  ossicles.  These  little  bones  do  not 
vibrate  molecularly,  but  move  en  masse  in  time  with  the  sound 
vibrations  which  they  deaden.  If  a  substance  incapable  of 
vibrating  be  attached  to  the  membrane  of  a  common  drum,  it 
ceases  to  vibrate.  A  touch  of  the  finger  to  the  membrane 
suffices  to  check  the  sound  produced  by  a  drum.  The  handle 
of  the  malleus,  which  is  joined  to  the  other  bones,  being  fixed 
to  the  membrane,  acts  in  this  way  as  a  damper,  and  checks  the 
continuance  of  any  vibration  in  the  membrana  tympani. 

A  small  muscle,  called  the  tensor  tympani,  is  attached  to  the 
malleus,  so  as  to  draw  it  toward  the  cavity  of  the  tympanum. 

The  motions  occurring  in  the  membrane  of  the  drum  are  con- 
veyed across  the  tympanic  cavity  by  means  of  the  three  small 
bones  known  as  the  malleus,  the  incus,  and  the  stapes.  These 
ossicles  form  an  angular  lever,  one  arm  of  which  (the  handle  of 
the  malleus)  is  attached  to  the  center  of  the  tympanic  membrane, 
and  the  other  shorter  arm  (the  long  limb  of  the  incus)  unites 
with  the  stapes,  the  base  of  which  is  held  by  the  secondary  tym- 
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panic  membrane  in  the  oval  opening  leading  into  the  vestibule. 
The  stapes  is  attached  at  right  angles  to  the  extremity  of  the 
inner  arm  of  the  lever,  being  jointed  to  the  long  arm  of  the  in- 
cus. This  little  angular  lever  works  round  an  axis  which  passes 
from  before  backward  through  the  head  of  the  malleus,  and  lies 
above  the  membrane  of  the  drum,  the  two  points  which  act  as 

Fig.  221, 
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Diagram  of  the  Tympanum,  showing  the  relation  of  the  ossicles  to  the  tympanic  mem- 
brane and'  the  internal  ear.  The  tympanum  is  cut  through  nearly  transversely,  and 
the  cavity  viewed  from  the  front  (left  ear).    (Schafer^ 

Membrane,  m.  t,  of  the  drum,  to  which  the  handle  of  the  malleus,  m.  is  attached  at  «,■ 
head  of  jnalleus,  m,  which  is  held  in  position  by  its  suspensory  ligament,  s.  l.  jn,  and 
external  ligament,  /.  e.  m  ;  long  process  of  incus,  /,  connecting  malleus  and  stapes,  s. 
t,  the  base  of  which  closes  the  oval  opening  of  the  vestibule,  p;  external  auditory 
meatus,  e.  au.  in  ;  internal  auditory  meatus,  i.  an,  tn^  where  the  two  parts  of  the  audi- 
tory nerve  enter,  a  and  b. 


the  bearings  or  pivots  of  the  motion  being  the  slender  process  of 
the  malleus  in  front  and  the  short  limb  of  the  incus  behind. 

When  the  tympanic  membrane  vibrates  in  response  to  the 
sound  waves  of  the  air,  it  moves,  and  the  handle  of  the  malleus 
moves  in  and  out  with  it.     The  body  of  the  incus,  being  fixed 
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by  a  firm  joint  to  the  head  of  the  malleus,  must  follow  these 
movements,  and  cause  the  oval  base  of  the  stapes  to  press  in  or 
draw  out  the  membrane  which  separates  the  tympanum  from  the 
vestibule.  Thus  the  vibrations  of  the  air  communicated  to  the 
tympanic  membrane  are  conveyed  across  the  tympanic  cavity  to 
the  liquid  in  the  labyrinth. 

A  small  muscle — the  stapedius — is  attached  to  the  stapes  near 
its  junction  with  the  incus,  and  pulls  upon  it  in  such  a  direction 
that  the  bone  is  drawn  out  of  the  direct  line  of  motion.  This 
action,  possibly,  reduces  the  more  ample  vibrations  of  the  tym- 
panic membrane,  which  might  injure  the  delicate  mechanism  of 
the  labyrinth. 

Eustachian  Tube. 

The  tympanum  is  connected  with  the  pharynx  by  means  of 
the  Eustachian  tube,  which,  though  habitually  closed,  is  opened 
for  a  moment  by  swallowing  and  other  motions  of  the 
pharynx.  On  these  occasions  air  can  pass  in  or  out  of  the  tym- 
panum, so  that  the  pressure  on  both  sides  of  the  membrane  of  the 
drum  is  equalized.  When  there  is  too  much  or  too  little  air  in 
the  tympanic  cavity,  the  tympanic  movements  are  impeded.  This 
difficulty  is  felt  during  a  cold  in  the  head,  when  the  tube  is  oc- 
cluded, and  the  oxygen  being  absorbed,  the  pressure  in  the 
tympanic  cavity  is  reduced.  Or  in  performing  what  is  known  as 
Valsalva's  experiment,  /.  <?.,  holding  the  nose  and  blowing  air 
into  it,  whereby  the  Eustachian  tubes  are  opened  and  too  much 
air  is  often  retained  in  the  tympanum,  so  that  the  pressure  from 
within  is  higher  than  that  from  without,  and  hearing  becomes 
dull.  If  the  act  of  swallowing  be  then  performed,  the  feeling 
of  tension  leaves  the  ears  as  the  excess  of  air  escapes,  and  hear- 
ing becomes  as  acute  as  before. 

The  Eustachian  tube  also  acts  as  a  way  of  escape  for  any  fluid 
that  may  be  secreted  by  the  epithelial  lining  of  the  tympanic 
cavity.  The  amount  of  fluid  is  so  small,  that  the  occasional 
opening  of  the  tube  suffices,  under  ordinary  circumstances,  for 
its  complete  escape.  When  increased  by  disease,  it  may  collect 
in  the  tympanum  and  require  catheterization. 

If  the  tubes  were  permanently  open,  we  should  suffer  from  two 
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great  disadvantages.  At  every  breath,  during  ordinary  respira- 
tion, some  change  in  tension  of  the  air  contained  in  the  cavity 
of  the  drum  would  occur  and  impair  hearing ;  the  vibrations  of 
the  air  in  the  pharynx,  produced  by  the  voice,  would  enter  the 
drum  directly,  and  give  rise  to  an  exaggerated  shouting  noise. 

Conduction  through  the  Labyrinth. 

Every  motion  of  the  oval  base  of  the  stapes  causes  a  wave  to 
pass  along  the  liquid  in  the  labyrinth.  The  bony  case  of  the 
internal  ear  being  firm,  the  wave  travels  through  all  parts  of 
the  internal  ear.  Through  the  cochlea  it  arrives  at  the  inner 
tympanic  membrane  which  closes  the  fenestra  rotunda  and  sepa- 

FlG.   222. 


Diagram  of  the  Membranous  Labyrinth,  all  of  which  is  filled  with  endolymph  and  sur- 
rounded by  perilymph,  a,  b,  c,  semicircular  canals  opening  into  the  ventricle,  d ;  e, 
the  saccule  from  which  the  uniting  canal,  /,  leads  into  the  membranous  canal  of  the 
cochlea,^.    {^Cieland.) 


rates  the  cavity  of  the  tympanum  from  the  scala  tympani  of  the 
cochlea.  The  waves  have  a  very  complex  route  in  passing  from 
tht  fenestra  ovalis  closed  by  the  stapes  to  the  membrane  closing 
the  cochlea.  By  means  of  the  liquid  lying  around  the  mem- 
branous labyrinth — perilymph — the  waves  pass  up  the  vestibular 
spiral  of  the  cochlea,  and  arriving  at  its  summit,  they  descend 
by  the  tympanic  spiral  to  the  fenestra  rotunda.  In  this  course 
they  pass  over  and  under  the  fluid — endolymph — contained  in  the 
membranous  canal  of  the  cochlea  in  which  the  special  nerve 
terminations  are  placed. 

For  the  construction  of  the  labyrinth  the  student  is  referred 
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to  the  text-books  of  anatomy,  as  space  only  admits  of  a  brief 
account  of  the  special  arrangements  of  the  nerve-ending. 

Terminals  of  the  Auditory  Nerve. 

The  nervous  mechanisms  which  are  most  important  for  the 
appreciation  of  tones  are  those  situated  in  the  cochlea. 

The  nerve  endings  found  in  the  membranous  sacs  in  the  vesti- 
bule are  connected  with  peculiar  epithelioid  cells,  to  which  are 
attached  fine,  bristle-like  processes.  These  processes  lie  in  the 
endolymph,  and  are  related  to  calcareous  masses  called  otoliths. 
Waves  in  this  endolymph  possibly  bring  the  otoliths  into  colli- 
sion with  the  hairs,  and  thus  give  a  stimulus  to  the  nerve  endings. 
Noises  may  be  heard  from  this,  but  no  impressions  of  tone  can 
be  appreciated.  The  use  of  the  nerves  going  to  the  other  parts 
of  the  labyrinth — ampulla  of  the  semicircular  canals — is  doubt- 
ful, and  probably  not  immediately  connected  with  hearing.*  The 
coils  of  the  cochlea  are  throughout  their  entire  length  partially 
divided  by  a  bony  shelf  projecting  from  the  central  axis  into  the 
spiral  cavity.  This  is  called  the  osseous  spiral  lamina.  In  the 
fresh  state  the  separation  of  the  spiral  canal  into  an  upper 
(vestibular")  and  a  lower  (tympanic)  coil  is  completed  by  a  mem- 
branous partition,  which  stretches  from  the  bony  spiral  lamina  to 
the  opposite  side  of  the  spiral  canal.  This  is  called  the  mem- 
branous spiral  lamina,  and  forms  the  base  upon  which  the  special 
nerve  endings  of  the  organ  of  hearing  are  placed.  An  extremely 
delicate  membrane,  called  the  membrane  of  Reissner,  stretches 
from  the  upper  side  of  the  spiral  partition  obliquely  upward  to 
the  outer  wall  of  the  spiral  cavity,  so  as  to  form  a  canal  and 
cover  the  special  organ,  shutting  off  a  portion  of  the  vestibular 
coil  which  lies  over  the  membranous  spiral  lamina.  The  canal 
of  the  cochlea  thus  formed  is  triangular  in  section.  Its  floor  is 
made  up  chiefly  of  the  membranous  spiral  lamina,  particularly 
the  part  ca,lled  the  basilar  membrane,  while  the  oblique  roof  is 
composed  of  only  the  thin  membrane  of  Reissner.  The  canal 
follows  the  turns  of  the  cochlea,  lying  between  the  vestibular  coil 

*  Compare  equilibration,  in  connection  with  which  they  will  be  described. 
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and  that  leading  to  the  tympanum,  and  is  filled  with  a  fluid 
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(endolymph)  which  is  quite  separate  and  distinct  from  that  in 
the  vestibular  or  tympanic  coils  (perilymph). 

The  cochlear  division  of  the  auditory  nerve  passes  into  little 
54 
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tunnels  in  the  central  bony  column  around  which  the  coils  of 
the  cochlea  turn,  and  gives  off  a  series  of  spiral  branches  which 
run  through  the  osseous  spiral  lamina  to  reach  the  membranous 
portion.  A  collection  of  ganglion  cells  connected  With  the 
radiating  nerve  fibers  is  found  lying  in  the  spiral  canal  of  the 
osseous  lamina.  Passing  through  the  bony  spiral  thb  nerves 
reach  the  basilar  membrane,  which,  as  before  mentioned,  forms 
a  great  part  of  the  membranous  spiral  lamina,  and  upon  which 
the  organ  of  Corti  is  placed. 

The  organ  of  Corti,  placed  upon  the  basilar  membrane  within 
the  membranous  canal  of  the  cochlea,  is  made  up  of  a  series  of 
peculiarly  curved  bars  or  fibers,  called  the  rods  of  Corti,  and 
some  epithelioid  cells  provided  with  short,  bristle-like  processes. 
The  rods  of  Corti  are  fixed  by  their  broad  bases  upon  the  basilar 
membrane,  and  unite  above  in  such  a  way  that  the  outer  and 
inner  rods  form  a  bow  or  arch.  The  spiral  series  of  rods  thus' 
propped  up  against  each  other  leave  a  small  space  or  tunnel 
under  them,  which  runs  the  entire  length  of  the  basilar  mem- 
brane. Beside  these  rods  of  Corti  are  placed  rows  of  cells  of 
an  epithelial  type  into  which  the  nerve  endings  pass.  From  the 
upper  surface  of  these  cells,  on  a  level  with  the  apex  or  junction 
of  the  rods,  a  number  of  hair-like  processes  project.  A  delicate 
reticulated  membrane  lies  over  the  rods  and  the  cells,  and  seems 
to  be  lightly  attached  to  their  surface,  while  the  hairs  pass 
through  its  meshes. 

The  basilar  membrane  is  made  up  of  fibrous  bands  held 
together  by  a  delicate  membrane.  The  fibers  pass  transversely 
across  the  spiral  canal  of  the  cochlea,  so  as  to  subtend  the  bases 
of  the  outer  and  inner  rods.  The  basilar  membrane  gradually 
becomes  wider  as  it  passes  from  the  base  to  the  summit  of  the 
cochlea.  The  length  of  the  rods  also  increases  toward  the 
summit  of  the  organ,  their  bases  being  more  widely  separated 
from  one  another  and  their  point  of  junction  nearer  to  the 
basilar  membrane,  thus  forming  a  lower  and  wider  tunnel.  The 
number  of  rods  of  Corti  has  been  estimated  at  6000  inner  and 
4500  outer. 
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Stimulation  of  the  Auditory  Nerve. 

The  stimulation  of  the  nerve  of  hearing  by  sound  vibrations 
of  the  air  is  less  difficult  to  understand  than  the  excitation  of 
the  optic  nerve  by  light  waves  which  are  conveyed  by  an 
imponderable  medium.  The  motions  of  the  membrafle  of  the 
drum,  being  communicated  in  the  manner  already  indicated  to 
the  liquids  within  the  internal  ear,  pass  over  and  under  the  cells 
'  connected  with  the  nerve  terminals,  which  are  placed  on  the 
elastic  basilar  membrane.  The  transverse  fibers  are  set  in  motion 
by  the  waves  in  the  fluid,  and  as  they  vibrate  they  communicate 
the  motion  to  the  organ  of  Corti.  The  bases  of  the  inner  rods, 
being  fixed  at  the  inner  margin  of  the  basilar  membrane,  'can 
move  but  little,  and  the  bases  of  the  outer  rods  being  placed 
near  the  middle  of  the  fibers  of  the  membrane,  where  the 
motion  of  the  vibrations  is  most  extensive,  a  slight  change  in 
their  relative  positions  and  a  consequent  movement  of  the  apex 
of  the  bow  takes  place.  This  movement  at  the  apex  of  the  bow, 
where  the  rods  join,  is  communicated  by  the  medium  of  the 
reticular  membrane  to  the  hairs  in  the  special  auditory  cells, 
thence  to  the  nerves,  where  an  excitation  is  produced  giving 
rise  to  the  transmission  of  an  impulse  to  the  brain. 

We  can  distinguish  differences  of  (i)  loudness,  (2)  pitch,  and 
(3)  quality  in  sounds. 

Since  the  loudness  depends  simply  on  the  amplitude  of  the 
vibration,  we  have  no  difficulty  in  understanding  how  variations 
in  it  can  be  appreciated,  since  the  more  ample  the  vibration  the 
more  marked  the  motion,  and,  therefore,  the  more  intense  the 
stimulation  of  the  nerve  terminals.  What  we  call  the  loudness 
of  a  sound  simply  means  greater  or  less  intensity  of  stimulation 
of  the  nerve. 

The  perception  of  difference  of  pitch  presents  greater  diffi- 
culty. As  already  mentioned,  this  depends  on  the  rate  of  vibra- 
tions. We  know  that  most  bodies  capable  of  producing  sound 
vibrations  have  a  proper  tone, /.  1?.,  that  which  they  produce 
when  struck.  When  the  tone  proper  to  a  body  capable  of 
vibrating  is  sounded  in  its  immediate  neighborhood,  it  also  is 
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set  vibrating  through  the  medium  of  the  air.  If  a  clear  tone  be 
sung  loudly  over  the  strings  of  a  piano,  a  kind  of  sympathetic 
echo  will  be  heard  to  come  from  the  strings  corresponding  to  the 
notes  sounded.  In  the  basilar  membrane  we  have  practically  a 
series  of  strings  of  different  length — since  the  membrane  gets 
wider  as  it  passes  from  below  upward  to  the  summit  of  the 
cochlea — and  therefore  a  great  variety  of  proper  tones.  With  a 
high  note  a  fiber  of  one  part  of  the  membrane  will  readily  fall 
into  vibration,  and  with  a  low  note  a  fiber  of  another  part.  < 
Different  nerve  fibrils  are  in  relation  to  these  different  parts,  and 
we  may  conclude  that  tones  of  different  pitch  stimulate  distinct 
nerve  terminals  and  are  conveyed  to  the  brain  by  separate 
nerve  channels.  Impulses  arriving  at  certain  brain  cells  give 
rise  to  the  idea  of  high  tones,  and  impulses  coming  to  others 
cause  the  impression  of  low  tones.  There  are  about  a  sufficient 
number  of  fibers  in  the  basilar  membrane  for  all  the  notes  we 
can  hear,  viz.,  from  about  33  to  38,000  waves  in  the  second. 

The  rods  of  Corti  cannot  be  the  essential  vibrating  agents  for 
receiving  the  motion,  because  they  are  absent  in  birds,  which 
appreciate  and  reproduce  various  notes ;  and  they  are  too  few 
for  the  notes  we  hear.  Further,  the  rods  are  not  elastic,  and 
not  well  suited  .for  vibration.  It  may  therefore  be  concluded 
that  they  only  act  as  levers  which  convey  the  vibrations  of  the 
fibers  of  the  basilar  membrane  to  the  nerve  endings  in  the 
auditory  cells. 

The  explanation  of  our  wonderful  appreciation  of  the  delicate 
shades  of  quality  of  tone  is  still  more  difficult.  Even  persons 
with  indifferently  good  ears,  as  musicians  say,  and  no  special 
musical  education,  can  at  once  distinguish  between  the  quality 
of  the  same  note  when  sounded  on  a  violin,  a  piano,  and  a  flute. 
When  a  note  is  sung  against  the  strings  of  a  piano,  however  pure 
its  tone,  a  great  number  of  strings  are  set  vibrating.  Not  only 
does  the  string  of  that  note  vibrate,  but  also  all  those  that  have 
a  certain  simple  numerical  relation  to  its  vibrations.  In  fact, 
all  its  over-tones  resound.  In  the  cochlea  we  suppose  the  same 
to  take, place  with  the  fibers  of  the  basilar  membrane.  Not 
only  does  the  one  fiber  whose  proper  tone  is  sounded  vibrate  in 
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response,  but  also  all  those  which  represerft  the  varied  over-tones 
o^  harmonics.  It  has  already  been  pointed  out  that  the  quality 
of  a  tone  depends  on  the  relative  number,  force,  and  arrange- 
ment of  harmonics,  which  invariably  accompany  a  musical  note 
with  a  definite  character. 

When  a  note  arrives  at  the  auditory  nerve  terminals,  one  of 
these  is  strongly  stimulated  by  the  fundamental  tone,  and  many 
others  slightly  by  the  different  over-tones.  The  complexity  of 
•  the  impression  increases  with  the  impurity  of  the  tone.  Thus, 
a  crowd  of  impulses,  corresponding  to  a  congeries  of  tones  of 
varying  intricacy,  is  transmitted  to  the  brain"  cells,  by  which  it 
isanlayzed.  It  then  gives  rise  to  the  conception  of  some  special 
quality  such  as  we,  by  experience,  associate  with  a  violin,  flute, 
or  piano,  as  the  case  may  be. 

With  regard  to  the  judgment  of  the  distance  of  sound,  it  need 
only  be  remarked  that  it  chiefly  depends  on  former  experience 
of  the  habitual  quality  and  intensity  of  sound.  A  faint  sound 
with  the  same  quality  that  we  familiarly  attribute  to  loud  sound 
seems  to  us  to  be  far  away.  Thus,  sounds  reaching  our  labyrinths 
by  the  cranial  bones  appear  distant,  and  ventriloquists  deceive  us 
by  imitating  the  character  of  distant  sounds. 

The  direction  from  which  sound  comes  is  chiefly  judged  by 
the  difference  of  intensity  with  which  it  is  heard  by  one  or  other 
ear.  When  we  cannot  form  any  idea  of  whence  a  sound  comes 
we  turn  our  heads  one  way  or  the  other  in  order  to  present  one 
ear  more  directly  to  the  origin  of  the  sound.  When  a  sound  is 
either  directly  behind  or  before  us  we  cannot  judge  from  which 
position  it  really  comes,  unless  the  head  be  slightly  turned  to 
one  side  or  the  other  before  the  vibrations  have  ceased  to  be 
audible. 
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CHAPTER  XXXIII. 


CENTRAL  NERVOUS  ORGANS. 

The  central  part  of  the  nervous  system,  or  cerebrospinal  axis, 
consists  of  the  "  spinal  cord  "  {medulla  spinalis),  the  "  bulb  " 
{medulla  oblongata),  and  the  "  brain." 

The  central  nervous  organs  are  composed  of  nerve  cells  and 
nerve  fibers,  held  together  by  a  peculiar  and  very  delicate  form 
of  connective  tissue,  known  as  Neuroglia.  In  this  nervous  tissue 
two  distinct  kinds  of  substance  can  be  recognized  :  (i)  a  white 
substance,  composed  of  unbranched  cell  processes,.,  or  nerve 
fibers,  with  a  medullary  sheath,  and  (2)  a  gray  substance,  con- 
sisting of  a  dense  feltwork  of  branched  cell  processes,  either 
naked  axis  cylinders  or  fibrils  with  a  fine  myelin  sheath,  with 
numerous  ganglion  cells  interspersed  between  them. 

In  the  brain  the  gray  substance  is  distributed  chiefly  on  the 
surface,  forming  a  kind  of  gray  cortex,  which  follows  all  the 
irregularities  of  the  convolutions. 

In  the  spinal  cord  the  gray  matter  is  situated  inside  and  the 
white  outside.  If  viewed  longitudinally  the  gray  substance  of 
the  cord  forms  separate  columns  on  either  side,  which  extend 
throughout  its  entire  length  and  are  considerably  thicker  in  the 
cervical  and  lumbar  regions.  These  gray  columns,  together 
with  their  connections  with  the  roots  of  the  spinal  nerves,  divide 
the  white  substance  of  the  cord  into  more  or  less  distinct  regions 
called  the  posterior  and  antero-lateral  white  columns. 

The  structure  and  general  properties  of  the  elements  of  nervous 
tissue  have  been  described  in  Chapter  XXVII.  The  functions 
there  enumerated  belong  also  to  the  fibers  and  cells  of  the  cere- 
bro-spinal  axis,  and  therefore  require  no  further  general  descrip- 
tion here. 

Besides  having  the  power  of  conducting,  reflecting,  coordinat- 
ing, inhibiting,  retaining,  and  originating  impulses,  we  must 
attribute  to  the  activity   of  the  nerve  cells  of  the  brain  the 
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various  mental  phenomena,  such  as  feeling,  thought,  volition, 
memory,  etc.,  forms  of  activity  which  may  be  excited  either  by 
impulses  arriving  from  without,  or  by  the  automatic  action  of  the 
cells  of  the  cerebral  cortex. 

The  Spinal  Cord. 
The  spinal  cord  being  the  great  bond  of  connection  between 
the  brain  and  the  majority  of  the  peripheral  nerves,  is  neces- 
sarily a  conductor  of  the  first  importance.  From  the  quantity  of 
nerve  cells  lying  in  its  gray  matter,  it  must  also  exercise  the 
function  of  a  governing  organ.  It  maybe  regarded  as  consist- 
ing of  a  longitudinal  series  oi  segments,  containing  nerve  centers 
of  two  kinds,  reflex  and  automatic,  enclosed  by  white  sub- 
stance. 

White  Matter  of  the  Cord. 
Methods  of  Investigation. 

Anatomical  Methods. — Anatomical  investigation  shows  that  the 
spinal  cord  is  not  merely  a  collection  or  aggregation  of  the 
fibers  that  pass  into  it.  In  the  first  place,  the  spinal  nerves,  if 
bundled  together,  would  be  much  larger  than  the  cord,  even  at 
its  thickest  part ;  and  secondly,  it  does  not  taper  evenly  toward 
its  lower  extremity,  as  it  should  were  each  succeeding  pair  of 
roots  a  direct  loss  of  thickness.  The  question  then  arises.  How 
are  the  fibers  of  the  spinal  nerves  disposed  of  in  the  cord  ? 

'Y^^  posterior  roots  of  the  spinal  nerves  pass  through  the  white 
substance  to  reach  the  posterior  gray  column,  where  they  are  dis- 
tributed to  neighboring  parts  of  the  gray  substance,  in  which  they 
are  lost,  without  their  union  with  the  cells  being  obvious  or  im- 
mediate. Others  pass  into  the  posterior  white  columns  to  reach 
distant  segments  of  the  cord. 

The  fibers  of  the  anterior  roots  traverse  the  superficial  white 
part  of  the  cord  in  irregular  bundles,  on  their  way  to  reach  the 
anterior  gray  columns,  into  the  cells  of  which  many  can  be 
directly  traced.  The  other  processes  from  these  cells  pass  into 
the  fibrillar  network,  which  makes  up  the  great  mass  of  the  gray 
substance  and  is  in  communication  with  the  distant  parts  of  the 
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cord  and  brain.  The  fibers  of  each  anterior  root  spring  from  the 
cells  of  one  spinal  segment  only. 

Anatomy  may  thus  be  said  to  leave  us  in  the  dark  in  regard  to 
the  paths  traversed  in  the  cord  by  the  impulses  on  their  way  to 
or  from  the  root  of  the  spinal  nerves. 

Histology  teaches  us  that  the  gray  and  white  matter  of  the 
cord  consists  respectively  of  (i)  innumerable  fibrils  and  cells, 
and  (2)  medullated  fibers  variously  connected  with  the  different 
groups  of  cells  and  the  roots  of  the  spinal  nerves. 

Since  ordinary  histological  research  fails  to  show  the  complex 
connections  of  the  fibers  of  the  spinal  cord,,  other  methods  have 
been  resorted  to  in  attempting  to  discover  their  course.  Of  these 
the  two  following  have  given  good  results  : — 

Developmental  Method. — The  medullary  sheath  of  the  fibers  in 
different  white  tracts  of  the  cord  is  perfected  at  different  ages  of 
an  animal,  and  Flechsig  found  that  by  tracing  the  course  of  the 
imperfectly  developed  fibers  the  functional  relations  of  certain 
tracts  could  be  arrived  at.  The  main  conclusions  thus  de- 
termined are  :  the  first  fibers  to  appear  are  the  root  fibers,  con- 
necting the  cord  with  the  periphery,  the  sensory  earlier  than  the 
motor  ;  the  second  series  to  appear  are  those  intercentral  fibers 
which  connect  the  nerve  cells  at  different  levels  in  the  gray 
matter ;  the  third  series  formed  are  the  afferent  fibers  carrying 
centripetal  impulses  from  the  cord  to  the  bulb,  cerebellum,  and 
cerebrum ;  the  last,  to  develop  are  the  pyramidal  tracts,  which 
convey  impulses  from  the  cortex  to  the  cord.  It  is  here 
important  to  notice  that  these  latter  fibers  only  appear  as  the 
cortex  is  being  developed,  and  they  grow  downward,  pushing 
their  way  through  the  other  tracts,  thus  confirming  the  evidence 
of  their  function,  derived 'from  the  study  of  other  methods  (Fig. 
224). 

Degenerative  Method. — We  believe  "that  every  nerve  fiber  has 
in  some  part  of  its  course  a  nerve  cell  which  provides  for  its 
nutrition.  In  other  words,  we  may  regard  a  nerve  fiber  simply 
as  a  long  process  of  a  cell  protected  by  a  sheath.  If  then  the 
fiber  be  divided,  that  part  cut  away  from  the  nerve  cell  degener- 
ates.    If  one-half  of  the  cord  be  cut  across,  a  degenerative 
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process  {sclerosis,  finally  forming  scar-tissue),  soon  follows  the 
section  in  certain  tracts,  and  is  easily  recognized  histologically. 
By  carefully  tracing  the  course  of  the  degenerated  tracts,  after 
section  or  pathological  lesion,  their  connections  with  other  parts 
of  the  nervous  centers  can  be  determined.  On  studying  their 
distribution,  two  large  areas  of  degeneration  are  found  in  the 
part  of  the  cord  below  the  lesion  ;  and  in  the  part  above  there 

Fig.  224. 


Transverse  Section  of  the  Spinal  Cord  of  Embryo  at  Five  Months, 
Gt  columns   of  Goll ;    T,   direct    pyramidal  tracts ;    P,   crossed  pyramidal    tracts ;    dc, 
direct  cerebellar  tract ;  ar,  anterior  root  zones ;  /r,  posterior  root  zones ;  ah,    ante- 
rior gray  column ;  pk,  posterior  gray  column. 

are  three  chief  areas,  differing  in  position  from  those  in  the  lower 
portion. 

On  comparing  these  facts  with  knowledge  obtained  by  other 
methods,  the  "  Wallerian  Law  of  Degeneration  "  has  been 
framed,  viz.,  that  in  the  cord  fibers  degenerate  in  the  direction 
in  which  they  normally  carry  impulses.  Looked  at  from  another 
point  of  view,  we  may  state  it  as  follows :  In  the  cord,  fibers 
which  carry  afferent  impulses  have  their  trophic  centers  at  their 
lower  extremity,  while  those  carrying  efferent  impulses  have 
55 
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them  at  their  upper  extremity.  Every  extension  of  our  knowl- 
edge tends  to  corroborate  this  view. 

By  these  methods  the  following  tracts  of  white  fibers  have 
been  made  out  in  the  spinal  cord  : — 

I.  Tracts  showing  descending  degenerations,  i.  e.,  those  carry- 
ing efferent  impulses.  There  are  three  of  these  in  each  lateral 
half  of  the  cord,  viz.  : — 

1.  "VoR  direct  pyramidal  tracts  (Tiirck)  (Fig.  225,  T),  each  of 
which  is  continuous  with  the  pyramid  on  the  same  side  of  the 
medulla  oblongata.  They  lie  on  the  inner  aspect  of  the  anterior 
white  column,  and  form  the  immediate  boundaries  of  the  ante- 
rior median  fissure.  These  tracts  taper  from  above  downward, 
and  terminate  about  the  middle  of  the  dorsal  region.  The  fibers 
leaving  them  appear  to  cross  by  the  anterior  commissure  to  reach 
the  anterior  gray  column  of  the  opposite  side.  This  tr^ct  is 
found  only  in  man. 

2.  The  crossed  or  lateral  pyramidal  tracts  (Fig.  225,  P)  are 
continuous  with  the  pyramids  of  the  oppoiite  side  of  the  bulb 
where  the  crossing  of  the  fibers  is  completed.  They  lie  in  the 
lateral  white  columns,  occupying  their  posterior  part  next  to  the 
posterior  gray  columns,  and  are  separated  from  the  surface  by 
the  direct  cerebellar  tract  {dc').  The  crossed  pyramidal  tracts 
also  taper  toward  the  lower  part  of  the  cord,  but  can  be  traced 
to  the  sacral  region.  The  fibers  are  connected  with  the  anterior 
gray  column  of  the  same  side  (Fig.  225,  P). 

Section  of  these  tracts  in  the  cord,  of  the  pyramids  in  the 
medulla,  or  of  the  fibers  leading  from  the  motor  areas,  or  the 


Diagram  of  Four  Transverse  Sections  of  the  Spinal  Cord  in  the  Regions  of  3d  and  6th  Cer- 
vical, 6th  Dorsal,  and  4th  Lumbar  Nerves,  showing  the  relative  positions  and  amounts 
of  the  more  important  tracts  in  each  region,  and  the  course  of  a  fiber  of  the  best 
known  routes. 

The  doited  area  — long  descending  tracts.      The  linear  shading  =\oti%  ascending 
tracts.    C.  iii,  3d  cervical;  C.vi,  6th  cervical;  D.  vi.,  6th  dorsal;  L.  iv,  4th  lumbar. 

Descending  tracts — 
P, pyramidal  Ir^ct  extending  to  end  of  cord,  and  becoming  smaller  and  more  super- 
ficial below. 
T,  Tiirk's  tract  [direct  pyramidal),  tapering  to  nothing  about  mid-dorsal  region. 

Ascending  tracts — 
G!.,  GoH's  column  (posterior  median). 
Cb.,  direct  or  dorsal  cerebellar  tract,  increasing  from  dorsal  region  upward— absent  in 

lumbar  region. 
Gr.,  Gower's  tract  [ventral  cerebellar),  increasing  from  lumbar  region  upward. 
L.,  Lissauer's  tract. 


TRANSVERSE  SECTIONS   OF   SPINAL   CORD. 
Fig.  225. 
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destruction  of  the  motor  areas  in  the  cortex  of  the. brain,  is 
followed  by  descending  degeneration  of  both  these  pyramidal 
white  columns  extending  to  their  termination.  The  tracts  of 
degeneration  correspond  with  the  limits  assigned  to  them  by  the 
developmental  method  of  research.  It  therefore  seems  certain 
that  they  are  the  channels,  by  which  the  efferent  impulses  from 
the  brain  travel  to  the  anterior  gray  columns  of  the  spinal  cord, 
and  that  each  fiber  of  the  pyramidal  tracts  is  a  long,  unbranched 
axis-cylinder  process  of  a  large  dagger-shaped  cell  in  the  motor 
cortical  area.  This  process  ends  in  a  brush  of  fine,  short  fibrils, 
which  intermingle  with,  but  do  not  join,  the  processes  of  the 
large  multipolar  cells  of  the  anterior  cornu.  There  seems  to  be 
no  functional  difference  between  the  fibers  of  the  crossed  and  the 
direct  pyramidal  tracts. 

3.  The  descending  cerebellar  tract  forms  a  large  set  of  fibers 
situated  in  the  antero-lateral  column  in  close  relationship  to 
Gowers'  tract.  They  are  uncrossed,  i.  e.,  pass  from  right  half  of 
cord  to  right  side  of  cerebellum. 

II.  Tracts  which  show  ascending  degeneration  and  carry 
afferent  impulses.    There  are  three  of  these  on  each  side,  viz. : — 

1.  The  posterior  median  column  (Goll)  is  a  thick  strand  of 
white  fibers,  triangular  in  section  (Fig.  225,  Gl),  which  forms 
the  immediate  boundary  of  the  posterior  median  fissure.  This 
tract  can  be  traced  along  the  whole  length  of  the  cord.  Below 
it  has  intimate  relations  with  the  nerve  roots,  as  will  be  described 
later,  and  above  it  terminates  in  the  nucleus  gracilis  of  the  bulb. 
It  gradually  increases  in  size  from  below  upward. 

2.  The  dorsal  cerebellar,  or  direct  cerebellar,  is  a  narrow 
tract,  which  begins  somewhat  suddenly  at  about  the  level  of  the 
upper  lumbar  nerves,  and  lies  on  the  surface  of  the  cord  covering 
the  crossed  pyramidal  tract  (Fig.  225,  Cb).  It  increases  in  size 
as  it  is  traced  upward,  still  retaining  its  flattened  shape,  and 
consists  chiefly  of  nerve  fibers  of  very  large  diameter.  The 
fibers  are  believed  to  originate  from  the  cells  of  Clarke's  vesi- 
cular column  (see  below).  Above  they  are  traced  into  the 
inferior  peduncle  of  the  cerebellum,  and  are  lost  in  the  region 
of  the  vermis. 
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3.  Ventral  cerebellar,  the  ascending  antero-lateral,  or  Gower's 
tract.  Fibers  forming  the  commencement  of  this  tract  can  be 
traced  lower  down  in  the  cord  than  is  the  case  with  the  pre- 
ceding tract.  It  forms  a  narrow  layer  on  the  surface  of  the 
antero-lateral  region  of  the  white  matter,  extending  from 
between  the  crossed  pyramidal  and  the  dorsal  cerebellar  tracts 
almost  to  the  anterior  median  fissure  (Fig.  225,  Gr).  At  first  the 
tract  consists  only  of  a  few  fibers  scattered  over  this  region,  but 
as  we  trace  it  upward  the  fibers  become  much  more  numerous. 
It  has  connections  below  with  nerve-cells  in  the  gray  matter, 
the  position  of  which  we  do  not  know.  Above,  it  has  been 
traced  through  the  bulb  to  the  region  of  the  pons,  where  it  curls 
round,  forms  a  part  of  the  superior  peduncle  of  the  cerebellum, 
and  is  lost  in  the  region  of  the  dentate  nucleus.  It  is  developed 
much  later  than  the  direct  cerebellar  tract. 

III.  We  still  have  remaining  a  large  amount  of  the  white 
matter,  which  is  disposed  in  two  areas : — 

1.  Anterior  root  zone  is  the  name  given  to  the  remainder  of  the 
white  substance  of  the  anterior  white  columns  after  excluding 
the  direct  pyramidal  tract.  These  zones  do  not  taper  toward 
the  lower  part  of  the  cord,  but  vary  in  thickness  with  the  size 
of  the  roots  of  the  spinal  nerves,  being  thickest  at  the  cervical 
and  lumbar  enlargements. 

After  transverse  section  of  the  cord  descending  sclerosis  can 
be  traced  a  short  distance  down  these  tracts.  The  direction  of 
the  degeneration  shows  them  to  be  efferent,  but  from  the  limited 
extent  of  the  sclerosis  we  may  suppose  that  they  only  carry 
impulses  from  the  upper  to  the  lower  regions  of  the  spinal  cord. 

2.  The  postero-external  column  (Burdach)  forms  the  whole  of 
the  posterior  column  with  the  exception  of  the  postero-median 
column  (Fig.  225,  B).  It  consists  of  two  parts,  (i)  that  imme- 
diately surrounding  the  posterior  cornu,  known  as  the  posterior 
root  zone  and  consisting  of  fibers  from  the  posterior  roots  on 
their  way  to  the  postero-median  column,  and  (2)  intercentral 
fibers,  forming  the  bulk  of  the  column,  which  varies  in  propor- 
tion to  the  size  of  the  roots  of  the  spinal  nerves  and  thickness 
of  the  posterior  gray  column. 
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Their  mode  of  degeneration  teaches  us  that  the  former  are 
processes  of  the  ganglia  of  the  roots,  and  the  latter  are  afferent 
channels  carrying  impulses  from  the  cells  of  the  lower  parts  of 
the  posterior  gray  columns  to  those  in  its  upper  segments. 

Experimental  Methods. — Besides  the  foregoing,  we  learn  by 
experiment  the  following  facts  concerning  the  loss  of  function 
which  follows  transverse  sections  of  the  spinal  cord. 

1.  Complete  section  of  the  cord  is  followed  by  loss  of  sensation 
and  of  voluntary  motion  in  the  parts  below  the  point  of  section. 
(Galen.) 

2.  Section  of  one  side  of  the  cord  is  followed  by  complete  loss 
of  voluntary  movement  of  all  parts  on  the  same  side  below  the  sec- 
tion. As  regards  sensation,  it  was  formerly  stated  that  sensation 
of  all  kinds  was  lost  on  the  side  opposite  to  and  below  the  lesion. 
Later  experiments  show  that  the  chief  loss  of  feeling,  which  is 
only  temporary,  is  on  the  same  side  as  the  lesion.  Hyperes- 
thesia at  the  margin  of  the  anesthetic  field  is  often  observed. 
Probably  the  decussation  of  the  sensory  fibers  occurs  chiefly  in 
the  bulb,  with  minor  and  varying  decussations  along  the  cord. 

3.  («)  If  the  antero-lateral  columns  be  both  cut  through,  so 
as  to  involve  the  two  anterior  gray  cornua,  but  leaving  the 
posterior  columns  intact,  voluntary  movement  is  lost  on  both 
sides  below  the  lesion. 

(J))  Section  of  the  posterior  columns  is  followed  only  by  an 
imperfection  of  the  voluntary  movement. 

(f)  If  the  antero-lateral  column  of  one  side  be  cut  through, 
there  is  complete  loss  of  voluntary  movement  of  all  parts  on  the 
same  side  below  the  lesion. 

4.  Section  of  the  posterior  columns  causes  loss  of  power  of 
coordination,  but  does  not  cause  any  loss  of  sensation.  Section 
of  the  posterior  and  of  the  antero-lateral  columns  does  not 
abolish  sensation,  but  section  of  the  antero-lateral  columns  and 
of  the  gray  matter,  with  intent  to  leave  only  the  posterior 
columns  intact,  has  been  observed  to  cause  complete  loss  of  sen- 
sation of  the  parts  below.  We  must  not,  however,  consider  these 
experiments  as  proving  that  no  forms  of  sensation  are  conveyed 
by  the  posterior  columns. 
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Pathological  Observations. — The  clinical  observation  of  disease 
in  man,  and  its  comparison  with  the  lesions  found  post-mortem, 
gives  us  the  most  valuable  information.  This  study  tends  to 
prove  conclusively  that  the  impulses  giving  rise  to  voluntary 
movements  are  carried  by  the  pyramidal  tracts.  It  is  found  that 
there  may  be  loss  of  tactile  or  of  muscle  sensibility  without 
loss  of  sensibility  to  painful  impressions,  or  vice  versd,  thus 
showing  that,  probably,  the  paths  of  these  forms  of  afferent 
impulses  are  differently  placed  in  the  cord. 

It  is  found,  too,  that  when  there  is  analgesia,  or  loss  of  the 
sensation  of  pain,  there  is,  in  nearly  every  case,  a  loss  of  tem- 
perature sensation,  and  vise  versd;  i.  e.,  that  the  paths  for  tem- 
perature and  painful  impressions  are  either  identical  with  or 
run  very  close  to  one  another. 

Disease  of  the  posterior  columns  leads  to  loss  of  coordination, 
and  this  is  very  frequently  accompanied  by  excess,  impairment, 
or  loss  of  tactile  sensation.  This  latter  may  be  due  to  an  accom- 
panying lesion  of  the  posterior  roots. 

From  the  foregoing  we  may  draw  the  following  conclu- 
sions : — 

1.  That  our  knowledge  of  the  path  of  voluntary  motor  im- 
pulses is  definite.  They  travel  from  the  cortex  of  the  brain 
directly  to  the  pyramidal  tracts,  and  thence  to  the  cells  of  the 
anterior  gray  columns.  The  majority  of  the  fibers  decussate  in 
the  bulb,  the  remainder  in  the  upper  part  of  the  cord. 

2.  That  our  knowledge  of  the  paths  of  sensory  impulses  is  by 
no  means  definite.  First,  we  have  the  negative  evidence  that 
the  impulses  of  ordinary  sensation  do  not  travel  by  any  of  the 
best  known  afferent  tracts,  viz.,  the  postero-median,  the  dorsal 
cerebellar,  nor  by  the  ventral  cerebellar  columns.  Secondly, 
we  know  that  impulses  giving  rise  to  painful  and  to  temperature 
sensations  are  carried  by  the  gray  matter,  and  that  these  paths 
are  closely  related.  And  finally  we  believe  that  tactile  sensibility 
may  be  carried  by  Burdach's  column  or  by  the  gray  substance. 

3.  There  cannot  be  the  least  doubt  that  many  of  the  tracts 
of  afferent  fibers  are  chiefly  employed  in  carrying  impulses 
which  do  not  affect  our  consciousness. 
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4.  The  impulses  producing  muscle  sensibility  are  carried  up 
the  cord,  along  the  postero-median  column. 

5.  The  afTerent  impulses  may  cross  to  the  opposite  side  im- 
mediately or  soon  after  entering  the  cord,  but  mainly  decussate 
higher  up  in  the  region  of  the  bulb  or  pons. 

6.  The  cells  of  the  gray  matter  are  in  communication  with 
their  more  distant  neighbors  by  means  of  the  white  fibers  of  the 
root  zones. 

Gray  Matter  of  the  Spinal  Cord. 

The  examination  of  series  of  sections  of  the  spinal  cord  has 

shown   the  existence  of  certain   groups  of  cells  which   when 

viewed  longitudinally  may  be  called  vesicular,  cellular,  or  gray 

columns.     Of  these  four  may  be  named  as  distinctively  marked. 

1.  The  anterior  (motor)  cellular  column  occupies  the  anterior 
cornu  of  the  gray  matter.  It  extends  throughout  the  entire 
length  of  the  cord,  the  cells  being  specially  numerous  where  the 
large  motor  roots  come  off.  The  cells  are  characterized  by 
their  great  size  and  the  number  of  their  branches,  one  of  which 
forms  the  axis  cylinder  of  one  of  the  motor  fibers  passing  to  the 
anterior  roots  of  the  spinal  nerves  (Fig.  226,  A). 

These  cells  are  arranged  in  groups  in  the  anterior  cornu — one 
in  the  anterior  and  inner  angle  named  the  inner  group  ;  another 
in  the  anterior  and  outer  angle,  the  anterior  group ;  a  third 
placed  just  posterior  and  external  to  this  is  named  the  antero- 
lateral group.  The  inner  group  consists  of  smaller  cells  than 
the  others  and  is  almost  absent  in  some  sections. 

2.  Y^x^  posterior  cellular  column,  situated  in  the  gray  substance 
of  the  posterior  cornu,  is  much  less  obvious  than  the  anterior. 
The  cells  are  few,  small,  and  mostly  spindle-shaped.  Their 
processes  are  not  readily  traced  to  the  roots  of  the  spinal  nerves 
(Figs.  226-7-8,  P). 

3.  The  postero-median  cellular  or  Clarke's  column  lies  on  the 
median  side  of  the  posterior  gray  column,  so  that  it  forms  the 
inner  part  of  the  posterior  cornu  near  its  base.  The  cells  are 
numerous,  but  much  smaller  than  those  of  the  anterior  vesicular 
column.     Clarke's  'column  is  best  developed  at  the  junction  of 
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the  lower  dorsal  and  upper  lumbar  nerves.  It  tapers  off  above 
and  below,  and  the  cells  cease  to  form  a  continuous  column 
opposite  the  seventh  cervical  nerve.  But  scattered  groups  of 
cells  in  a  corresponding  position  are  [found  throughout  all  the 


Fig.  226. 


Transverse  Section  of  the  Cervical  Region  of  the  Spinal  Cord. 
A  J  anterior  gray  column ;  a,  anterior  white  column  ;  /,  lateral  white  column.-  ac,  anterior 
commissure ;  ar,  anterior  roots ;  of,  anterior  median  fissure ;  zV,  intermedio-lateral 
gray  column ;  z/c,  vesicular  column  of  Clarke ;  P,  posterior  gray  column  ;  p^  posterior 
white  column ;  pm,  posterior  median  column ;  ]bc,  posterior  commissure ;  cc,  central 
canal ;  ^r^  posterior  roots  ;  py^  posterior  median  fissure ;  ae  and  ai^  external  and  inter- 
nal  anterior  vesicular  columns  ;  sg^  substantia  gelatinosa. 


cervical  cord,  and  seem  to  link  this  cellular  column  with  the 
vagus  nucleus  in  the  medulla  (Fig.  227,  vc). 

4.  The  intermedio-lateral  cellular  column,  or  cells  of  the 
lateral  horn,  lies  in  the  lateral  concavity  seen  on  section  between 
the  anterior  and  posterior  gray  cornua.  They  thus  occupy 
a  position  between  the  lateral  white  column  and  the  central 
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Transverse  Section  of  the  •Dorsal  Region  of  the  Spinal  Cord.    (Bevan  ZeTvis.) 
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part  of  the  gray  matter.  They  are  best  marked  in  the  lower 
cervical  and  upper  dorsal  regions  (Figs.  226-228,  ?'/). 

The  cells  of  these  columns  give  off  many  processes  which 
break  up  into  increasingly  fine  ramifications,  and  form  a  com- 
plex network  extending  some  distance  from  the  cell.  Recent 
investigations  fail  to  show  that  any  of  these  processes  actually 
fuse  with  similar  processes  from  adjacent  cells,  but  rather  imply 
that  impulses  are  transmitted  by  contiguity,  or  through  a  special 
intermediate  conducting  material — by  adjunction  and  not  con- 
junction of  the  cell  processes. 

The  fibers  of  the  pyramidal  tract  are  also  believed  to  termi- 
nate in  branching  brushes  of  fine  fibrillae  which  come  into  close 
connection  with  the  processes  of  the  anterior  cells,  but  do  not 
actually  fuse  with  those  cells.  This  is  supported  by  the  fact 
that  the  fibers  in  the  pyramidal  tracts  are  by  no  means  equal  in 
number  to  the  cells  of  the  anterior  cornua ;  also  that  those  cells 
have  only  one  process  forming  a  nerve  fiber,  and  this  is  always 
an  anterior  root  fiber. 

The  Connections  of  the  Nerve  Roots. 

The  anatomical  connections  of  the  nerve  roots  of  the  cord 
have  been  briefly  enumerated  (see  p.  645),  and  we  can  now  deal 
with  them  in  greater  detail  as  the  result  of  other  methods. 

The  anterior  roots  enter  the  cord  over  rather  a  wide  area,  in 
two  or  three  bundles.  They  pass  obliquely  upward,  and  curve 
round  to  the  anterior  gray  cornu,  where  they  terminate  in  the 
large  cells.  Some  pass  to  the  cells  of  the  inner  group,  but  a 
greater  number  to  the  anterior  and  lateral  group.  A  few  fibers 
curve  round  the  anterior  commissure  and  run  to  the  middle 
group  of  cells  of  the  anterior  liorn  of  the  other  side. 

The  posterior  roots  enter  the  white  matter  along  a  longitu- 
dinal groove  and  are  arranged  in  three  sets.  The  external  of 
these  consists  of  fine  fibers  which  curve  upward,  forming  a  cap 
to  the  substantia  Rolandi  in  a  zone  called  Lissauer's  zone  (Fig. 
225,  l).  These  fibers  enter  the  gra)^  matter  at  a  higher  level. . 
The  middle  set  run  through  the  substantia  Rolandi,  and  are  lost 
in  the  region  of  the  cells  of  the  posterior  horn.     The  inner  set 
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form  the  posterior  root  zone,  lying  close  to  the  posterior  cornu, 
and  terminate  in  the  cells  of  the  cornu ;  or  running  upward  and 
inward,  they  pass  through  Burdach's  column,  and  reach  the 
postero-median  column,  up  which  they  run  to  terminate  in  the 
nucleus  gracilis. 

If  two  or  three  posterior  roots  be  cut  between  the  ganglion 
and  the  cord,  we  find,  as  before  stated,  that  the  piece  of  the  root 
attached  to  the  cord  degenerates.  On  examining  consecutive 
sections  of  such  a  cord  we  see  that  the  only  degeneration  to  be 
found,  at  some  distance  above,  lies  first  in  the  column  of  Burdach 
and  then  in  Goll's  column,  whence  it  can  be  traced  up  to  the 
nucleus  gracilis  of  the  bulb.  This  tract  of  degeneration  decreases 
as  it  is  traced  upward,  either  because  some  of  the  libers  become 
connected  with  other  elements  of  the  cord,  or  because  two  or 
more  fibers  of  similar  function  unite  to  form  a  single  one. 
These  fibers,  as  we  have  seen,  only  account  for  a  part  of  the 
inner  set  of  each  posterior  root,  the  remainder  terminate  in  the 
gray  matter  soon  after  entering  the  cord. 

The  Spinal  Cord  as  a  Series  of  Segments. 

The  fact  that  cells  functionally  related  are  grouped  in  masses 
at  the  points  where  the  spinal  nerves  arise,  and  that  the  various 
regions  of  the  cord  can  respond  to  stimulus  when  severed  from 
the  rest,  seem  to  indicate  that  a  strict  homology  exists  between 
the  spinal  centers  of  vertebrates  and  the  central  nervous  system 
in  many  of  the  lower  animals,  which  consists  of  a  double  chain 
of  ganglia,  united  together  by  conducting  channels. 

We  may  then  suppose  the  gray  matter  of  the  spinal  cord  to 
be  made  up  of  a  series  of  segments,  corresponding  in  number 
to  the  vertebral  development,  fused  together  into  one  con- 
tinuous organ.  These  segments  may  be  supposed  to  receive  the 
afferent  impulses  from  corresponding  parts  of  the  body,  and 
to  send  efferent  impulses  to  muscles  capable  of  moving  that  part, 
just  as  the  separate  ganglia  of  the  invertebrate  chain  preside 
over  the  functions  of  the  corresponding  somite  of  the  animal's 
body. 
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Reflex  Action. 

When  an  afferent  impulse  arrives  at  the  posterior  column  it 
spreads  to  the  cells  in  the  same  segment,  and  reaching  motor 
cells  it  may  give  rise  to  a  movement  of  the  muscles  of  the  neigh- 
borhood from  which  the  impulse  first  started.  At  the  same  time 
an  impulse  travels  to  the  brain,  and  there  may  give  rise  to  a 
consciousness  of  the  various  local  events  taking  place.  The 
action  of  the  cells  of  the  cord  is  independent  of  the  will,  and 
occurs  before  the  mind  is  conscious  of  it.  These  kinds  of  move- 
ments are  called  reflex  acts. 

Reflex  action  forms  the  most  ordinary  function  of  the  cells  of 
the  spinal  cord.  The  gentlest  stimulation  may  give  rise  to  a 
complex  movement,  the  execution  of  which  requires  many 
muscles  to  act  together.  An  unexpected  touch  to  the  finger 
causes  a  person  to  withdraw  the  hand  quickly.  If  greater  or 
more  prolonged  stimulus  be  applied,  more  extensive  movements 
occur,  and  by  the  well-arranged  cooperation  of  many  muscles, 
a  forcible,  definite,  and  familiar  action  is  performed.  For 
example,  if  the  burning  head  of  a  match  adhere  under  the  thumb 
nail,  more  than  a  mere  withdrawal  of  the  hand  takes  place.  The 
entire  arm  is  violently  shaken  before  the  will  has  time  to  come 
into  operation.  We  have  here  a  complex  and  purposeful  mus- 
cular movement,  not  planned  by  the  will,  but  the  immediate 
result  of  an  impulse  coming  from  a  single  point  of  the  skin, 
owing  to  the  spreading  of  the  impulse  to  the  cells  in  the  vicinity 
of  the  recipient  segment.  The  movement  is  regular  and  per- 
formed with  a  definite  purpose,  as  if  it  were  the  result  of 
thought,  but  since  it  precedes  consciousness  it  cannot  be  a 
mental  act. 

If  the  degree  of  stimulation  be  carefully  regulated,  it  will  be 
found  that  the  results  obtained  by  peripheral  stimulation  depend 
on  {a)  the  strength  of  the  stimulus  and  the  length  of  time  for 
which  it  is  applied ;  (^)  the  degree  of  excitability  of  the  cells 
and  the  readiness  with  which  the  impulses  pass  along  the  conduct- 
ing channels  to  the  gray  matter,  and  {/)  the  functional  activity 
of  the  muscles  which  act  as  indicators  of  the  reflex  effects. 
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All  these  points  may  be  easily  studied  on  a  frog  decapitated 
about  an  hour  beforehand.  If  the  animal  be  suspended  and  the 
toe  touched,  the  foot  is  gently  drawn  upward.  If  the  toe  be 
smartly  pinched,  the  entire  limb  is  forcibly  raised ;  with  intense 
or  prolonged  stimulus  both  legs  are  violently  moved.  If  a  frag- 
ment of  blotting  paper,  moistened  in  weak  acid,  be  placed  on 
the  belly,  in  a  position  not  easily  reached  by  the  foot,  a  complex 
series  of  movements  follows.  The  muscular  action  is  both 
elaborate  and  purposeful,  and  the  movements  of  the  headless 
animal  might  almost  be  called  ingenious. 

Strength  and  Duration  of  Stimulus. — By  graduating  the 
strength  of  the  acid  used  to  moisten  a  square  millimeter  of  blot- 
ting paper,  the  following  results  are  obtained.  When  very  weak 
acid  is  employed  only  slight  movement  of  one  leg  is  caused. 
Stronger  acid  produces  a  series  of  reflex  movements,  spreading 
to  similar  muscles  of  the  leg  on  the  other  side.  If  the  acid  be 
further  strengthened,  the  movements  become  violent  and  extend 
upward,  first  to  the  upper  limb  of  the  same  side,  then  to  the 
upper  limb  of  the  opposite  side,  etc.,  until  the  whole  body  is 
thrown  into  convulsion.  The  impulses  spread  from  the  nerve 
cells  to  their  neighbors,  first  transversely  across  the  gray  matter 
to  those  cells  governing  the  corresponding  muscles  of  the  other 
side,  in  which,  however,  the  movements  are  less  marked  than  in 
those  of  the  side  stimulated.  Later  they  spread  upward  along 
the  gray  matter,  first  involving  those  cells  on  the  same  side  of 
the  cord,  and  then  quickly  spreading  to  the  corresponding  cells 
of  the  other  side. 

Slight  stimulation,  when  of  short  duration,  and  not  sufficient 
to  produce  immediate  response,  may,  after  a  time,  give  rise  to 
definite  reflex  action,  as  if  the  weak  impulses  arriving  at  the 
nerve  cells  in  the  cord  were  stored  up  until  their  sum  sufficed  to 
produce  a  definite  reflex  movement.  This  may  be  seen  in  ani- 
mals whose  nerve  centers  are  intact,  for  the  cells  of  more  remote 
parts  exercise  a  kind  of  checking  influence  on  those  in  the  region 
receiving  the  stimulus,  and  thus  the  accumulative  action  (sum- 
mation) comes  more  efi'ectively  into  play.  In  the  human  sub- 
ject, where  slight  visceral  stimulations  exist  for  a  long  time,  this 
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summation  may  be  observed.  As  an  example  of  this  may  be 
named  the  convulsions  that  occur  in  young  children  from  the 
prolonged  irritation  of  intestinal  worms  or  during  the  painful 
period  of  dentition.  In  some  of  these  cases,  even  without  sen- 
sory appreciation  of  the  local  excitation,  an  amount  of  energy 
may  be  accumulated  in  the  gray  tracts  of  the  cord  that  will 
bring  on  the  most  extensive  forms  of  reflex  muscular  movement. 
These  movements  often  differ  in  character  from  the  regular  co- 
ojdinated  motion  immediately  following  skin  stimulation. 

Exalted  Excitability  of  the  Cells. — In  certain  conditions  of  the 
nervous  system  convulsions  can  be  readily  excited.  As  most 
striking  instances  may  be  mentioned  poisoning  with  the  alkaloid 
of  nux  vomica  (strychnin)  and  the  state  of  the  blood  which  is 
produced  by  cessation  of  the  respiratory  function  (asphyxia). 
These  toxic  conditions  bring  about  a  peculiar  excitable  state  of 
the  cells  or  conducting  fibers  of  the  spinal  cord,  in  which  im- 
pulses pass  with  unwonted  facility,  both  transversely  and  longi- 
tudinally from  one  part  to  another,  and  give  rise  to  an  excessive 
degree  of  action  in  response  to  even  gentle  stimulations.  A  frog 
poisoned  with  strychnin  is  thrown  into  general  spasm  by  a 
slight  touch,  which  normally  would  only  cause  it  to  withdraw 
the  limb.  It  is  noteworthy  that  this  tetanus  is  not  continuous, 
like  voluntary  contraction,  but  is  incomplete,  with  a  contrac- 
tion frequency  of  about  lo  per  second.  Though  the  reflexes  are 
so  very  readily  produced  in  strychnin  poisoning,  yet  the  reflex 
time  is  not  shortened  (see  below). 

On  the  other  hand,  there  are  many  poisons  which  deaden  the 
reflex  powers  of  the  cord  centers,  among  which  are  opium, 
chloroform,  chloral,  digitalin,  etc.  The  condition  of  the 
blood  which  may  be  brought  about  by  very  rapid  voluntary  re- 
spiratory movements  has  the  efiect  of  lowering  the  excitability 
of  the  nerve  cells  in  the  respiratory  center. 

We  may  here  mention  an  experiment  which  illustrates  the  great 
sensibility  of  the  gray  matter  to  deficient  nutrition.  If  the  aorta 
of  a  rabbit  is  clamped  so  as  to  cut  off  the  blood  supply  to  the 
cord  for  two  or  three  minutes,  all  reflex  actions  become  lost,  and 
the  parts  below  are  completely  paralyzed  both  as  regards  motion 


662  MANUAL  OF  PHYSIOLOGY. 

and  sensation,  and  may  not  recover  though  the  ci^pulation  be 
reestablished. 

Inhibition  of  Reflex  Action. 

The  great  majority  of  reflex  actions  may  be  prevented  or  con- 
trolled by  the  will.  The  basal  ganglia  and  bulb  habitually  exert 
a  checking  or  inhibitory  influence  on  the  reflex  actions  of  the 
spinal  cord.  It  is  in  this  way  that  we  account  for  the  facts  that  a 
brainless  frog  readily  responds  with  reflex  movements  to  stimuli 
which  do  not  excite  the  living  animal,  and  that  a  human  being, 
when  asleep,  shows  reflex  action  in  response  to  a  slight  stim- 
ulus that  would  be  quite  ineffectual  were  he  awake.  For  some 
little  time  after  pithing  a  frog,  constant  or  regular  results  are 
seldom  met  with,  because  the  section  of  the  upper  part  of  the 
spinal  cord  acts  as  a  stimulus  to  those  channels  which  habitually 
bear  impulses  from  the  brain,  and,  by  exciting  them,  produces 
an  inhibitory  effect.  Further,  artificial  stimulation  of  the 
corpora  quadrigemina  and  medulla,  as  shown  by  the  classical 
experiment  of  placing  a  crystal  of  common  salt  upon  the  optic 
lobes  of  a  frog  (Setschenow),  has  the  effect  of  checking  the  re- 
flex action  of  the  cord. 

If,  while  the  cord  is  employed  in  reflex  action,  in  response  to 
gentle  cutaneous  stimulation,  the  central  end  of  a  large 'sensory 
nerve  trunk  be  stimulated,  the  reflex  action  ceases.  In  short,  it 
may  be  accepted  that  strong  impulses,  arriving  at  the  cord  from 
any  direction,  enter  the  network  formed  by  the  terminals  of 
afferent  fibers,  and  so  engross  its  functional  activity  that  the 
weak  impulses,  which  before  were  able  to  produce  the  reflex  act, 
now  cannot  pass  along  the  pre-occupied  channels  to  reach  the 
motor  cells. 

This  explanation  of  reflex  action  by  resistance  to  and  interfer- 
ence with  the  transmission  of  impulses  in  the  network  and  nerve 
cells  of  the  cord  has  been  said  to  account  for  all  the  phenomena 
observed. 

Reflex  Time. 

The  reflexion  of  an  impulse  from  a  sensory  terminal,  through 
the  network  and  the  cells  of  the  spinal  cord  to  a  motor  or  secre- 
tory  organ,  occupies  a   measurable    length  of  time,  which  has 
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been  estimated  at  about  -j^g-  of  a  second.  As  a  concrete  example 
to  show  the  various  items  contributing  to  reflex  time  we  may- 
take  winking.  This  simple  act,  following  conjunctival  stimula- 
tion, occupies  about  .066  second  and  requires  six  steps  for  its 
completion,  each  of  which  takes  a  definite  time,  viz.  : — 

1.  Excitation  of  peripheral  organs,  .......  ■*■{') 

2.  Transmission  of  afferent  nerve  impulse,  ....  .0025 

3.  Passage  through  the  network  in  cord,  .    .    .  1      „,-_ 

4.  Excitation  of  motor  cells /    "  ^^~f' 

5.  Transmission  of  efferent  impulse, .0025 

6.  Muscle  latency, .006 

Total,  .066 

The  time  required  for  the  performance  of  a  reflex  act  varies 
considerably  in  different  individuals,  and  in  the  same  individual 
under  different  conditions ;  of  these  high  temperature  and  in- 
tense stimulation  shorten  the  time,  and  fatigue  or  cold  lengthen  it. 

Though  in  strychnin  poisoning  all  reflex  response  is  so  enor- 
mously increased,  the  reflex  time  is  considerably  prolonged.  The 
delay  does  not  occur  in  the  gray  substance  of  the  cord,  but  in  the 
other  parts  of  the  reflex  arc,  probably  from  fatigue. 

We  may  then  suppose  that  strychnin  renders  the  nerve  cells 
more  excitable  and  removes  the  resistance  of  the  network,  and 
the  impulses,  finding  no  resistance,  are  rapidly  diffused  through- 
out all  the  cell  territories,  and  thus  convulsive  movements  are 
excited  in  many  parts  of  the  body. 


Reflex  Centers. 

Many  of  the  groups  of  nerve  cells  in  the  cord  act  as  agents, 
independent  of  the  will,  producing  movements  or  secretions 
essential  to  the  animal  economy.  Many  of  their  acts  are  very 
complex,  and  require  the  coordinated  action  of  extensive  sets  of 
muscles.  Such  groups  of  nerve  cells  have  been  called  special 
centers,  and  many  of  them  have  already  been  described  in  the 
preceding  chapters.     The  more  important  are  : — 

Motor  Reflexes. — i.  The  tone  of  the  skeletal  muscles  is  kept 
up  by  the  act  of  a  series  of  reflex  centers  in  the  cord.  The  im- 
56 


664  MANUAL  OF   PHYSIOLOGY. 

pulses  come  chiefly  from  the  skin,  for  tonus  disappears  when  the 
skin  is  removed. 

2.  The  tone  of  the  blood-vessels  is  in  part  kept  up  by  centers 
in  the  spinal  cord,  the  afferent  impulses  arriving  by  unknown 
visceral  paths. 

3.  The  cardio-accelerator  center  is  in  the  cord. 

4.  In  parturition  several  muscular  contractions,  as  well  as  the 
uterine,  are  called  into  play,  and  are  so  regularly  coordinated  as 
to  make  us  believe  that  they  are  arranged  by  a  special  center  in 
the  spinal  cord.  The  afferent  impulses  come  from  the  uterus, 
vagina,  etc. 

5.  A  center  for  securing  the  retention  of  the  urine  by  the  tonic 
contraction  of  the  sphincter  muscle  of  the  bladder.  This  group 
of  nerve  cells  is  probably  kept  in  action  by  impulses  arriving 
from  the  bladder  by  the  afferent  nerves. 

6.  Nearly  related  to  the  former  is  the  center  which  presides 
over  the  evacuation  of  the  bladder.  This  is  excited  by  impulses 
arriving  from  the  urethra,  near  the  neck  of  the  bladder.  It 
reflexly  sets  the  detrusor  muscle  in  action. 

7.  The  act  of  defecation  is  accomplished  by  means  of  a  spinal 
center.  The  action  of  this  center  might  (like  that  presiding 
over  the  urinary  bladder)  be  divided  into  two  parts — retention 
and  evacuation — in  which  volition  and  intestinal  peristalsis  play 
a  very  important  part. 

8.  The  erection  of  the  penis  and  the  ejaculation  of  the  semen 
are  under  the  control  of  spinal  centers. 

Secretory  Reflexes. — Though  these  are  quite  as  important  as 
the  foregoing,  we  can  as  yet  say  but  little  concerning  the  details 
of  their  working,  as  the  locality  of  the  centers  has  not  been 
determined,  nor  the  paths  of  the  nervous  impulses  accurately 
defined. 

There  can  be  no  doubt  that  the  secretions  in  general  are  under 
the  control  of  reflex  mechanisms,  the  afferent  impulses  of  which 
commonly  arise  in  the  neighborhood  of  the  gland.  Most  of 
these  centers  are  situated  in  the  cord. 

It  may  be  here  mentioned  that  the  phenomenon  known  as 
'  knee  jerk"  is  not  a  reflex,  though  it  is  abolished  if  the  tonic 
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reflex  arc  be  injured.  It  is  simply  the  response  to  a  sudden 
mechanical  stimulation  of  a  set  of  muscles  slightly  on  the 
stretch  by  position  and  kept  tense  by  reflex  tonus. 

Coordination. 

From  what  has  been  said  concerning  the  more  complex  reflex 
actions,  it  is  clear  that  the  cells  of  the  spinal  cord  are  capable 
of  arranging  the  discharge  of  nerve  impulses,  so  as  to  bring 
about  definite  purposeful  movements.  In  fact,  most  of  the 
details  of  the  mode  of  working  of  the  muscles  are  under  the 
control  of  the  cells  of  the  spinal  cord. 

It  will  help  us  to  understand  coordination  if  we  suppose  the 
resistance  in  the  gray  network  of  the  cord  to  be  great,  but  that 
the  possible  paths  are  extremely  numerous.  These  paths  are 
made  passable  by  use ;  the  oftener  an  impulse  traverses  a  given 
route  the  more  adapted  such  a  route  becomes  for  future  traffic. 
Thus,  by  practice,  we  constantly  freshen  certain  channels  of 
intercommunication  between  the  various  cells  of  the  cord  and 
make  beaten  tracks,  along  which  impulses  can  pass  with  facility. 
By  these  means  groups  of  nerve  cells  acquire  the  habit  of  work- 
ing together  and  easily  exciting  complex  movements,  which  at 
first  were  produced  with  great  labor.  The  nerve  paths,  along 
which  common  impulses  pass,  are  formed  during  the  early  history 
of  man's  development,  and  the  power  of  performing  these 
actions  is  transmitted  to  us  ready  for  immediate  application. 
Other  parts  connecting  groups  of  cells  required  for  the  produc- 
tion of  unusual  combinations  of  movements  have  to  be  prac- 
ticed by  the  individual,  and  much  of  the  difficulty  of  learning 
any  trade,  or  special  manual  dexterity,  depends  on  the  necessity 
of  making  impulses  readily  traverse  definite  directions,  so  as  to 
excite  certain  groups  of  cells  to  act  synchronously,  and  to  set  the 
required  combination  of  muscles  in  accurately  coordinated 
motion. 

When  we  analyze  any  one  of  these  movements,  we  see  that 
even  the  simplest  of  them  involves  the  contraction  of  several 
muscles  and  further  requires  that  each  muscle  should  contract 
to  an  exact  degree  of  strength  and  for  an  exact  period  of  time. 
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Moreover,  in  order  that  the  movement  be  free  and  steady,  it  is 
necessary  that  opposing  muscles  should  yield  to  exactly  the 
proper  extent  and  at  the  proper  moment.  A  movement  thus 
effected  is  said  to  be  coordinated,  and  the  mechanism  by  which 
it  is  brought  about  is  coordination. 

Every  muscular  act  excited  from  the  cord  is  coordinated. 

In  a  similar  way  the  secretory  acts  of  the  cord  are  coordi- 
nated, both  glands  and  muscles  simultaneously  receiving  a  co- 
ordinate amount  of  blood. 

The  importance  of  this  technical  education  of  the  cells  of 
the  spinal  cord  in  the  execution  of  delicate  manipulations  will 
be  felt  if  one  attempt  to  imitate  the  movements  of  precision 
which  a  skilled  craftsman,  without  attention  or  voluntary  effort 
even,  executes  in  the  most  careless  exercise  of  his  craft.  The 
practice  required  for  such  education  must  be  gone  through  by 
any  one  who  attains  skill  in  the  simplest  special  manipulation, 
from  writing  a  word  to  playing  the  violin. 

Automatism. 

Besides  being  excited  to  action  by  impulses  coming  from  the 
brain — volition — and  from  the  surface — reflexion — the  groups  of 
cells  in  the  spinal  cord  may  act  without  any  obvious  incoming 
impulse  ;  that  is  to  say,  some  of  the  cells  appear  to  be  capable 
of  independent  activity.  Such  groups  of  nerve  cells  are  com- 
monly called  automatic  centers.  The  more  we  learn  of  nervous 
mechanisms  in  general,  the  less  necessary  does  it  appear  to 
ascribe  automatic  actions  to  the  spinal  cord. 

Perhaps  the  trophic  function  of  the  spinal  cord  is  the  only 
automatic  power  it  can  be  said  to  possess.  The  best  evidence 
in  this  matter  is  derived  from  the  skeletal  muscles.  If  the 
motor  nerves  or  roots  be  cut,  or  the  anterior  gray  motor  columns 
injured,  the  paralyzed  muscles  soon  undergo  fatty  degeneration, 
which  does  not  depend  on  mere  inactivity,  for  it  does  not  follow 
cerebral  paralysis,  in  which  the  integrity  of  the  muscle  can  be 
preserved  by  suitable  electric  stimulation.  Similar  trophic 
agencies  probably  influence  the  other  tissues.  Thus  many  affec- 
tions of  the  skin,  herpes,  etc.,  are  attributed  to  nervous  lesions. 
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On  account  of  the  elaborate  and  purposeful  reflex  movements 
performed  by  decapitated  frogs  or  eels,  it  has  been  suggested 
that  in  the  lower  vertebrates  the  spinal  cord  is  capable  of  sensa- 
tion and  volition — mental  activity — but  to  follow  this  assumption 
we  should  have  to  modify  our  ideas  of  volition  and  sensation, 
for  which  consciousness  is  commonly  taken  to  be  a  necessary 
factor.  It  is,  however,  important  to  note  that  the  lower  we  go 
in  the  scale  of  vertebrate  animals  the  less  powerful  are  the 
mental  faculties,  and  the  more  relatively  important  are  the 
functions  presided  over  by  the  spinal  marrow. 
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CHAPTER  XXXIV. 

THE  BULB. 
The  direct  continuation  of  the  spinal  cord  is  called  the  bulb, 
or  medulla  oblongata.  It  consists  of  representatives  of  the 
various  parts  of  the  cord  with  some  additional  gray  matter. 
The  relationship  of  the  different  parts  of  the  medulla  to  those 
of  the  spinal  cord  may  be  best  understood  by  supposing  the 
posterior  median  fissure  and  underlying  nerve  substance  at  its 
upper  limit  to  be  split  vertically  down  to  the  central  canal,  and 
the  lateral  masses  separated,  so  that  the  gray  part  becomes 
spread  out  on  the  superior  surface,  and  there  forms  the  floor  of 
the  fourth  ventricle.  The  gray  matter  of  the  medulla  oblongata 
consists  of  two  sets  of  nuclei ;  one  being  the  continuation  of 
the  gray  columns  of  the  spinal  marrow,  and  the  other  made  up 
of  certain  additional  gray  nodules  embedded  here  and  there 
among  the  white  strands.  For  a  description  of  the  groups  of 
nerve  cells  in  the  bulb  and  their  connections  with  other  parts, 
works  on  anatomy  must  be  consulted. 

The  various  white  columns  of  the  spinal  cord  are  so  distri- 
buted in  the  medulla  that  their  course  gives  some  indication  of 
the  channels  by  which  impulses  are  carried  through  it. 

In  ascending  to  the  medulla  the  posterior  white  columns 
terminate  as  follows  :  (i)  Goll's  column  is  more  distinctively 
marked  off,  and  enlarges  to  form  the  funiculus  gracilis  contain- 
ing the  gracilis  nucleus.  (2)  Burdach's  column  widens  in  a 
wedge-like  fashion,  and  is  called  funiculus  cuneatus,  which 
contains  the  cuneate  nucleus.  It  passes  on  to  help  to  form  the 
inferior  peduncle  of  the  cerebellum. 

Of  the  lateral  white  columns,  the  crossed  pyramidal  tracts  pass, 
at  the  decussation  of  the  pyramids,  to  the  opposite  side  to  form 
the  pyramidal  prominence  on  the  front  of  the  medulla,  and  are 
thence  continued  upward  through  the  pons  to  the  crus  cerebri 
on  their  way  to  the  motor  areas  of   the  cortex.     The    direct 
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cerebellar  tract  runs  into  the  restiform  body  to  reach  the 
inferior  peduncle  and  terminates  in  the  cerebellum.  The  fibers 
of  the  direct  pyramidal  tract  join  the  pyramid  of  their  own 
side. 

It  must  be  remembered  that  the  bulb  is  the  only  route  between 
the  spinal  cord  and  the  several  cranial  nerve  centers.     Through 


DiagramShowingthePositionof  the  Nuclei  of  the  Cranial  Nerves  in  the  Medulla  Oblongata, 
etc.,  as  if  seen  in  antero-posterior  section,  looking  from  the  median  hne  toward  the 
right  side.     The  nuclei  near  the  median  line  are  more  darkly  shaded. 

Py,  pyramidal  tracts ;  PyKr,  pyramidal  decussation ;  O,  olivary  body ;  Os,  superior 
olivary  body ;  V,  motor ;  ^,  middle  sensory ;  and  V"^  lower  sensory  nuclei  of  fifth 
nerve:  /?v,  roots  of  fifth  nerve;  vi,  nucleus  of  sixth  nerve;  ^vi,  root  of  sixth 
nerve;  vn,  nucleus;  Gf,  knee;  and  ^vil,  root  of  portio  dura  of  seventh  nerve; 
VIII,  auditory ;  ix,  glosso-pharyngeal ;  x,  vagus ;  xi,  accessorius ;  and  xii,  hypo- 
glossal nuclei ;  Kz,  davate  nuclei. 


it  all  the  afferent  and  efferent  channels  must  pass,  as  they  do 
through  the  spinal  cord.  From  it,  and  the  prolongation  of  its 
gray  nuclei  in  the  pons  Varolii,  several  cranial  nerves  take  origin. 
Thus  the  medulla  is  to  the  cranial  nerves  (from  the  fifth  to  the 
twelfth)  as  the  spinal  cord  is  to  the  spinal  nerves,  but  their 
mode  of  distribution  is  different. 
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The  Bulb  as  a  Central  Organ. 

A  number  of  groups  of  ganglion  cells  with  special  duties  are 
located  in  the  medulla.  Those  acts  which  are  most  important 
for  the  execution  of  the  vegetative  functions  are  arranged  and 
governed  by  the  nerve  cells  of  the  medulla.  Some  of  these 
centers  are  automatic,  though  they  are  variously  affected  by 
many  impulses  arriving  from  distanr  points,  while  others  are 
purely  reflex  in  their  action. 

The  more  important  centers  in  the  bulb  are — 

Respiratory  Center. — The  center  which  regulates  the 
respiratory  movements  is  situated  in  the  floor  of  the  fourth 
ventricle,  at  the  upper  and  back  part  of  the  medulla.  Flourens 
long  since  showed  that  injury  of  this  point — the  nxud  vital, 
or  vital  spot — was  followed  by  almost  instant  cessation  of 
respiration,  whereas  respiratory  movements  continued  so  long 
as  it  remained  intact,  though  cut  off  from  other  sources  of 
energy. 

The  position  and  character  of  this  center  has  been  shown  by 
the  following  experiments  : — 

1.  Respiration  is  not  stopped  by  successive  removal  of  the 
cerebrum,  cerebellum,  or  pons,  showing  that  the  center  is  below 
these  parts. 

2.  Section  of  the  cord  below  the  origin  of  the  phrenics  only 
cuts  off  the  chest  muscles  from  the  center  while  the  diaphragm 
continues  rhythmic  inspirations. 

3.  If  the  cord  be  cut,  even  as  high  as  the  lower  limit  of  the 
bulb,  the  working  of  the  alae  nasi  shows  the  rhythmic  activity 
of  the  center  to  be  still  intact,  so  that  it  is  not  situated  below 
this  point. 

4.  If,  on  the  other  hand,  the  section  implicate  the  bulb  at  two 
or  three  millimeters  above  the  point  of  the  calamus  scriptorius,  the 
nasal  as  well  as  all  other  respiratory  rhythm  ceases,  the  impulses 
being  now  cut  off  from  the  facial  nerve,  which  arises  above  that 
point.  This  proves  that  the  origin  of  this  rhythmic  activity  is 
destroyed. 
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5.  Lastly,  if  the  vagus  and  glosso -pharyngeal  nerves  be 
divided,  after  experiments  i  and  3,  all  sources  of  afferent 
impulses  are  cut  off,  but  as  the  muscular  action  continues,  we 
conclude  that  the  center  is  rhythmically  automatic. 

Although  we  take  the  respiratory  center  as  the  example  of 
automatic  action,  its  working  is  influenced  by  several  afferent 
impulses,  so  that  the  normal  rhythm  of  breathing  is  regulated 
by  reflex  action. 

The  rate  of  the  rhythm  is  affected  by : — 

1.  The  will,  by  which  we  can  alter  the  rate  of  breathing,  or 
even  stop  our  breath  for  a  time,  i.  e.,  with  great  difficulty  for 
one  minute,  shortly  after  which  the  "want  of  breathing" 
overcomes  our  volition. 

2.  Naxxovs peripheral  excitations,  e.  g.,a.  sudden  stimulation  of 
a  large  skin  area,  as  with  a  dash  of  cold  water,  or  of  the  air 
passages,  as  with  irritating  particles  or  gases. 

3.  The  vagi,  which  normally  regulate  the  rhythm.  For  the 
mechanical  state  of  the  lungs — whether  distended  as  in  inspira- 
tion, or  contracted  as  in  expiration — excites  the  terminals  of 
certain  fibers  of  the  vagus,  which  carry  impulses  to  the  center, 
and  thus  hasten  or  retard  its  activity. 

4.  The  condition  of  the  blood  supplied  to  the  center  influences 
its  activity  considerably.  When  the  blood  flowing  through  it 
is  abnormally  venous,  the  cells  become  over-stimulated  and 
produce  labored  breathing.  When  the  dyspnea  becomes  in- 
tense, nearly  all  the  muscles  of  the  body  are  called  into  action, 
and  the  animal  may  become  convulsed.     (Compare  p.  377.) 

The  Vaso-motor  Center. — It  has  already  been  stated  that 
groups  of  cells  exist  in  the  gray  part  of  the  spinal  cord,  which, 
according  to  the  class  of  animal,  have  more  or  less  direct 
influence  upon  the  muscles  in  the  coats  of  the  vessels.  Thus, 
in  a  frog,  whose  brain  and  medulla  have  been  destroyed,  in 
some  hours  the  vessels  of  the  web  regain  a  considerable  degree 
of  constriction,  which  is  again  lost  if  the  cord  be  destroyed. 
In  a  dog  the  vessels  of  a  hinder  limb  recover  their  tone, 
more  or  less  perfectly,  in  a  few  days  after  the  spinal  cord  has 
57 
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been  cut  in  the  dorsal  region,  although  just  after  the  section 
they  are  widely  dilated,  from  the  paralysis  of  their  muscular 
coats.  In  a  few  days  the  cells  of  the  cord  can  learn  to  accom- 
plish, of  their  own  accord,  work  which  they  have  been  in  the 
habit  of  doing  only  under  the  direction  of  the  higher  center.  / 
From  this  we  conclude  that  though  the  cord  contains  local 
vaso-motor  centers  distributed  throughout  its  gray  matter,  these 
are  normally  under  the  control  of  the  vaso-motor  center  in  the 
medulla,  and  this  center  is  really  the  chief  station  from  which 
impulses  destined  to  control  all  the  spinal  centers  must  emanate. 

Thus  we  consider  the  vessels  to  be  under  the  direct  control  of 
the  spinal  centers,  each  regulating  the  amount  of  tonic  con- 
struction of  its  own  vascular  area.  These  spinal  centers  in 
their  turn  are  correlated  with  one  another  and  governed  by 
the  higher  medullary  center.  The  latter  is  further  very  closely 
associated  with  the  cardiac  center.  In  this  way  it  is  provided 
that  the  vessels  are  each  sufficiently  contracted,  so  that  those 
supplying  one  area  cannot  over-relax  and  take  too  much  blood 
to  the  detriment  of  the  others.  The  loss  of  this  correlation 
leads  to  very  grave  results,  as  in  cases  of  shock  or  in  section 
of  the  splanchnics,  when  the  vessels  of  the  viscera  dilate  to 
such  an  extent  that  a  great  fall  of  blood  pressure  follows,  and 
may  cause  death. 

The  attempt  to  localize  exactly  the  position  of  the  medullary 
vasomotor  cells  is  not  satisfactory.  In  lower  animals — frogs 
— the  cells  are  evenly  diffused  throughout  the  medulla  and 
cord.  In  man  the  localization  is  difficult  to  demonstrate, 
though  we  have  reasons  for  thinking  it  much  more  definitely 
circumscribed.  In  the  rabbit  it  has  been  localized  to  the  floor 
of  the  fourth  ventricle  in  the  immediate  neighborhood  of  the 
respiratory  and  cardiac  centers. 

The  tonic  state  of  activity  of  the  center  is  under  the  control 
of  many  reflex  influences,  which  constantly  vary  the  general 
tone  or  effect  local  changes  in  the  degree  of  constriction  of 
this  or  that  vascular  area.  Among  the  most  striking  afferent 
regulating  impulses  are  those  arriving  from  the  heart,  the  diges- 
tive organs,  and  the  skin.     In  some  animals,  rabbit,  a  special 
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nerve— the  depressor — has  been  discovered,  which,  passing  from 
the  heart  to  the  medulla,  keeps  the  vaso-motor  center  informed 
as  to  the  degree  of  tension,  etc.,  of  the  heart  cavities.  When 
the  heart  becomes  over-full,  impulses  pass  from  it  and  check  the 
tonic  power  of  the  center,  so  as  to  reduce  the  arterial  pressure 
against  which  the  ventricle  has  to  act.  Electric  stimulation  of 
this  nerve  causes  a  remarkable  fall  in  the  general  blood  pressure. 

The  Cardiac  Center. 

Although  the  heart  beats  regularly  when  cut  off  from  the 
nervous  centers,  its  normal  rhythm  is  regulated  by  nerve  cells 
in  the  medulla,  from  which  some  fibers  of  the  vagus  carry 
impulses  to  the  heart.  The  action  of  this  center  is  habitually 
that  of  a  restraining  agent  lessening  the  rate  of  the  heart's 
contractions,  and  is  hence  called  a  tonic  inhibitory  center. 
The  activity  of  the  center  is  influenced  by  the  condition  of 
many  distant  parts,  such  as  the  cortex  of  the  brain,  the 
abdominal  viscera,  etc.,  which  exert  a  reflex  action  on  the 
heart  through  the  center.  The  accelerator  agencies,  situated  in 
the  dorsal  region  of  the  cord,  are  antagonistic  to  the  latter 
center,  but  possibly  have  connections  with  the  bulb. 

In  the  medulla  there  exist  many  other  centers  of  which  we 
know  but  few  connected  with  the  organic  functions.  Of  these 
the  centers  for  swallowing  and  vomiting  may  be  mentioned. 
(See  chapter  on  Digestion.) 
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CHAPTER  XXXV. 

THE  BRAIN. 
To  form  a  general  idea  of  the  plan  of  construction  of  the  brain, 
it  is  well  to  follow  its  development  in  the  earlier  stages  of  the 
embryo,  from  the  time  when  it  forms  an  irregular  and  thickened 
part  of  the  tube  of  tissue  from  which  is  developed  the  cerebro- 
spinal axis.  We  then  see  that  the  brain  is  a  modified  part  of  the 
primitive  nervous  tube.  Three  hollow  swellings,  formed  imme- 
diately one  behind  the  other,  may  be  observed  at  the  anterior 
part  of  the  tube  soon  after  its  closure.  These  swellings  are 
called  the  fore-brain,  mid-brain,  and  hind-brain,  and  in  the 
future  development  of  the  parts  give  rise  respectively  to : — 

1.  Olfactory  lobe,  retina  and  optic  nerve,  the  cerebral  hemi- 
spheres, the  third  ventricle,  and  the  corpora  striata. 

2.  The  nervous  matter  around  the  Sylvian  aqueduct,  including 
the  corpora  quadrigemina. 

3.  The  pons,  cerebellum,  and  bulb. 

The  great  mass  of  the  brain — the  hemispheres — is  formed  by 
an  excessive  development  of  bud-like  processes  which  grow  out 
from  the  sides  of  the  fore-brain  at  an  early  period,  and  become 
elaborately  folded  backward,  so  that  in  the  adult  it  is  difficult  to 
trace  the  relationship  to  the  original  form. 

The  cells  of  the  brain  are,  like  those  of  the  cord,  grouped 
together  in  the  gray  matter,  which  is  found  in  two  positions 
differing  in  relation  to  the  white,  viz. : — 

1.  Internal  to  the  white  matter:  this  is  continuous  with  the 
gray  matter  of  the  cord,  with  wljich  it  is  homologous.  The  gray 
matter  in  the  floor  of  the  fourth  ventricle  around  the  aqueduct 
and  that  lining  the  third  ventricle  belong  to  this  category.  The 
optic  thalamus  is  simply  an  enormous  expansion  of  this  region 
of  gray  matter. 

2.  External  to  the  white  matter  :  to  this  category  belong  the 
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gray  matter  of  the  cortex  of  the  cerebrum,  cerebellum,  and  the 
corpus  striatum. 

Connecting  the  various  parts  of  these  gray  regions  are  sets  of 
fibers,  which  may  be  classified  as  follows  : — 

1.  Those  which  act  as  paths  between  the  different  parts  of 
similar  masses  of  gray  matter.  These  may  be  divided  into 
unilateral,  i.  e.,  those  which  connect  together  the  cells  of  a 
single  hemisphere,  and  bilateral,  or  commissural  fibers,  which 
unite  corresponding  masses  of  gray  matter  on  either  side  of  the 
brain. 

2.  Those  which  act  as  paths  between  dissimilar  masses  of 
gray  matter.  As  examples  may  be  named  the  sets  of  fibers 
which  pass  between  the  cortex  and  the  basal  ganglia,  corpora 
quadrigemina,  cerebellum,  bulb,  and  the  gray  columns  of  the 
cord. 

It  is  in  the  multiplicity  and  perfectness  of  these  conducting 
paths  rather  than  in  the  greater  number  of  nerve  cells  that  the 
human  brain  excels  those  of  the  lower  animals.  We  may 
exemplify  this  by  the  progressive  development  of  the  corpus 
callosum,  which  is  absent  in  the  lower  vertebrates  and  attains  its 
highest  development  in  man. 

Mid-  AND  Hind-Brain. 

Removal  of  the  Cerebral  Hemispheres. — It  has  been  shown  that 
a  pithed  frog,  /.  e.,  with  spinal  cord  alone  intact,  lies  flat  on  its 
back  on  a  table  with  its  limbs  partially  extended,  and,  if  hung 
up,  the  legs  dangle  as  far  as  the  muscle  tone  will  allow,  but  a  frog 
with  the  mid-  and  hind-brain,  as  well  as  the  cord,  uninjured, 
cannot  be  induced  to  leave  its  limbs  extended  on  a  table.  If 
hung  up  it  will  continue  to  kick  and  struggle.  When  placed 
on  its  back  on  a  table,  such  a  frog,  i.  e.,  deprived  only  of  cere- 
bral hemispheres,  will  at  once  sit  up  in  quite  a  normal  attitude. 
It  only  seems  to  have  lost  its  voluntary  power  from  the  stolid 
indifference  it  shows  to  all  external  circumstances  that  do  not 
amount  to  actual  stimulation. 

It  can  balance  itself  accurately,  jump,  swim,  swallow,  etc., 
acts  far  more  complex  than  any  of  those  that  can  be  effected  by 
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the  cord  or  bulb,  but  it  only  performs  these  acts  when  excited 
to  do  so  by  repeated  stimulations  from  its  outer  surroundings. 
Thus  on  a  flat  surface  it  sits  upright  and  motionless,  never  stirring 
from  the  spot  where  it  has  been  placed ;  if  the  surface  upon 
which  it  sits  be  inclined  in  a  direction  to  place  its  head 
too  low,  it  turns  round  to  regain  its  ordinary  attitude.  If 
the  surface  be  further  inclined,  it  at  first  crouches  so  as  not  to 
slip  off,  and  then  crawls  upward  to  find  an  even  resting  place. 
Plunged  into  water,  it  swims  perfectly,  but  on  arriving  in  a  shal- 
low part  it  either  rests  quietly  with  its  nose  out  of  the  water 
and  its  toes  touching  the  ground,  or  crawls  out  to  sit  on  the 
water's  edge,  where  it  can  find  its  balance.  When  touched  on 
the  leg,  it  jumps  away  from  the  stimulus,  and  in  so  doing  avoids 
any  obvious  dark  obstacle.  It  swallows,  if  a  substance  be  put  in 
its  mouth, _but  does  not  attempt  to  eat  even  if  surrounded  with 
food.  In  short,  all  movements,  even  the  most  complex,  may  be 
brought  about  by  adequate  stimulation — spontaneity  only  is 
wanting.  The  pupil  responds  by  reflex  contraction  when  the 
retina  is  exposed  to  light ;  the  eyes  are  closed  if  the  light  be  in- 
tense ;  and  the  head  may  follow  the  motions  of  a  flame  moved 
from  side  to  side.  A  sudden  or  loud  noise  causes  it  to  move. 
From  the  foregoing  facts,  and  the  power  such  a  frog  has  of 
avoiding  a  dark  object,  we  may  conclude  that  the  impulses  arriv- 
ing from  the  special  sense  organs  are  all  duly  received  at  a  reflex 
station  and  excite  more  or  less  elaborate  response,  but  that  the 
consciousness  of  the  arrival  of  these  impulses  no  longer  excites 
voluntary  action. 

The  removal  of  the  hemispheres  of  birds  and  rabbits  leaves 
the  animal  in  a  somewhat  similar  condition ;  but  the  response 
to  the  special  sense  impulses  is  not  so  definite  or  well  marked, 
since  the  animal  flies  or  runs  against  even  the  most  obvious 
obstacles. 

We  may  conclude  that  animals  deprived  of  their  cerebral 
hemispheres  can  execute  all  the  complex  associations  of  coor- 
dinated movements  necessary  for  the  perfect  performance  of 
such  acts  as  standing,  walking,  flying,  etc.,  which  require  the 
exact  balancing  of  the  body,  called  equilibration. 
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Nervous  Mechanism  of  Equilibration. — Balancing  the  body, , 
whether  at  rest  or  in  motion,  requires  the  simultaneous  coordi- 
nation of  very  many  distant  parts.  This  is  accomplished  with- 
out any  effort  of  the  will,  or,  as  we  have  just  seen,  after  the 
removal  of  the  hemispheres.  The  elaborate  reflex  acts  required 
for  the  perfect  execution  of  equilibration  are  excited  by  the  fol- 
lowing sets  of  afferent  impulses: — 

1.  Those  derived  from  the  skin  where  stimulated  by  con- 
tact with  the  surrounding  medium.  The  importance  of  the  skin 
impulses  can  be  seen  in  a  frog  which  some  time  previously  has 
been  deprived  of  its  hemispheres  and  been  shown  to  be  capable 
of  equilibration.  If  the  skin  be  removed  from  the  limbs  it 
loses  the  erect  posture  and  its  legs  may  be  extended  like  those 
of  9,  pithed  animal.  In  man,  the  same  deficiency  in  balancing 
power  can  be  seen  in  walking  on  an-  uneven  surface  when  the 
feet  are  benumbed  by  cold,  or  in  the  familiar  condition  of  the 
limb  being  "asleep,"  when  standing  or  walking  can  only  be  per- 
formed in  the  most  awkward  manner. 

2.  Those  impulses  arising  from  the  acting  muscles  and  the 
moved  joints,  which  indicate  to  the  centers  the  degree  of  con- 
traction of  the  muscles  and  the  amount  of  flexion  or  extension 
of  the  joints.  This  is  shown  by  locomotor-ataxy,  where  the 
muscle  sense  is  impaired,  and  consequently  the  coordination 
of  the  movements  of  the  lower  limbs  becomes  so  imperfect  that 
the  individual  can  walk  or  stand  only  with  difficulty. 

3.  From  the  eyes  impulses  reach  the  centers  indicating  our 
relation  to  surrounding  objects.  By  this  means  we  can  take 
our  bearings,  stand  steadily,  and  walk  evenly.  The  value  of 
these  impulses  can  be  readily  appreciated  by  this  simple  experi- 
ment. If  we  stand  with  our  heels  together,  the  body  sways 
from  side  to  side,  but  only  a  very  slight  degree ;  if,  however, 
the  eyes  be  shut  while  in  this  position  a  swaying  motion  becomes 
obvious,  showing  that  the  equilibrating  center  has  lost  the 
impulses  showing  the  bearings  taken  by  the  visual  organs. 

4.  The  last  set  of  impulses  arises  from  the  semicircular  canals 
of  the  internal  ear,  which  indicate  to  the  equilibrating  centers 
the  movements  and  positions  of  the  head.     If  these  canals  be 
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destroyed,  one  by  one,  abnormal  movements  bearing  a  definite 
relationship  to  the  position  of  the  individual  canals -are  per- 
formed by  the  animal.  Any  one  can  satisfy  himself  of  the 
potency  of  such  impulses  by  placing  his  head  on  the  handle  of 
a  walking-stick,  the  end  of  which  he  fixes  on  the  ground,  and 
running  three  or  four  times  round  the  stick  as  an  axis.  This 
sets  the  fluid  in  his  semicircular  canals  in  motion,  and  if  he 
now  stand  upright  and  attempt  to  walk  directly  to  an  object, 
he  will  find  his  volition  powerless,  when  combated  by  unusual 
impulses  arising  from  the  internal  ear.  In  an  affection  of  the 
internal  ear,  known  as  Meniere's  disease,  either  the  cessation  of 
normal  guiding  impulses  or  the  reception  of  new  and  different 
ones  produces  the  sensation  of  giddiness  with  inability  to  per- 
form the  ordinary  more  complex  coordinated  movements  of 
balancing,  etc.  The  unsteadiness  of  a  landsman  on  board  ship 
depends  more  upon  unaccustomed  impulses  arriving  at  his 
centers  from  the  semicircular  canals  than  upon  the  irregular 
movements  of  the  surface  upon  which  he  stands.  Getting  our 
"sea-legs"  simply  means  learning  to  counteract  the  unusual 
impulses  which  unsettle  the  gait.  It  is  interesting  to  note  that 
sickness  often  accompanies  the  latter  form  of  "giddiness,  just  as 
vomiting  is  a  frequent  symptom  of  Meniere's  disease. 

In  the  frog  these  sets  of  afferent  impulses  appear  to  be  co- 
ordinated chiefly  in  the  corpora  quadrigemina,  which  are  in  this 
animal  well  developed  in  comparison  with  the  cerebellum,  but 
in  animals  with  a  well-formed  cerebellum  it  is  believed  that  the 
centers  of  these  higher  combinations  lie  in  that  organ. 

Forced  Movements. — After  experiments  invading  the  region 
of  the  mid-  and  hind-brain,  it  is  often  observed  that  remark- 
able and  apparently  irresistible  movements  are  produced.  They 
vary  much  in  character,  but  are  all  grouped  together  under  the 
title  ol  forced  movements. 

As  examples  we  may  mention  the  so-called  "circus  movement, 
in  which  the  animal  continuously  moves  round  in  a  circle,  some- 
times with  the  injured  side  and  at  others  with  the  sound  side 
facing  the  center  of  the  circle.  In  another  case  the  animal  may 
revolve  in  a  circle  of  which  the  tip  of  the  tail  is  the  center  and 


CEREBELLUM.  679 

the  body  moves  as  a  radius  (clock-hand  movement).  Sometimes 
the  animal,  by  an  irresistible  impulse,  turns  somersaults  either 
backward,  forward,  or  laterally,  so  that  it  continually'  rolls  over 
and  over.  If  left  to  itself  the  animal  usually  remains  quiet,  but 
on  the  least  attempt  to  move  these  antics  are  reproduced.  The 
length  of  time  the  movements  last  varies  greatly.  In  severe 
cases  they  may  lead  to  complete  exhaustion,  after  which  comes 
a  period  of  quiet,  and  then  some  slight  stimulus  starts  another 
series,  again  ending  in  exhaustion.  A  few  rare  cases  have  been 
reported  in  which  these  movements  have  occurred  in  man. 

Forced  movements  are  especially    frequent  after  section  of 
.  the  crura  cerebri  or  of  the  middle  and  inferior  peduncles  of  the 
cerebellum. 

Cerebellum. 

The  Anatomy  of  the  Cerebellum  teaches  us  that  its  structure 
and  connections  are  sufficiently  complex  and  multiple  to  admit 
of  very  elaborate  functions.  It  consists  of  a  central  portion,  or 
vermis,  and  two  lateral  lobes.  All  these  divisions  are  folded 
into  lobules,  and  the  superficial  part,  composed  of  gray  matter, 
is  laminated  so  as  to  have  an  enormous  extent  of  surface  in  close 
relation  to  the  vessels  of  the  pia  mater.  From  this  we  may 
infer  that  the  gray  cortex  is  the  essentially  active  part  of  the 
cerebellum,  just  as  it  is  in  the  case  of  the  cerebrum. 

In  the  midst  of  each  lobe  is  a  white  stem  of  medullated 
fibers  branching  into  the  folded  leaflets  and  connecting  the 
cortex  with  the  cerebellar  peduncles.  In  the  middle  of  these 
stems  there  are  several  gray  nuclei. 

The  cortical  substance  may  be  said  to  consist  of  three  layers  : 
(i)  an  internal  granular  layer  ;  (2)  a  layer  of  cells ;  and  (3)  an 
outer  layer  of  fibrils  inclosing  some  cells.  The  large  pear-shaped , 
cells  (Purkinje)  of  the  middle  layer  send  long  fibers  branching 
toward  the  surface  which  become  lost  in  the  network  of  the 
external  layer.  From  the  base  of  these  cells  a  single  fiber  passes 
into  the  internal  granular  layer,  may  be  toward  the  medullated 
fibers  of  the  white  stem. 

The  connections  of  the  cerebellum  with  other  parts  may  be 
described  as  three  stalks  or  peduncles.     By  the  upper  of  these 


680 


MANUAL  OF  PHYSIOLOGY. 


it  receives  impulses  from,  and  sends  impulses  to,  the  cerebral 
hemispheres,  basal  ganglia,  corpora  quadrigemina,  and  also 
receives  some  afferent  impulses  from  the  cord.     It  is  probable 


Fig.  230. 


Section  through  a  Part  of  the  Cerebellum. 
a,  molecular  layer  into  which  pass  the  branches  of  Purkinje's  cells,  6  ;  d,  medullary  center 
from  which  medullated  fibers  pass  through  the  granular  layer  of  nervous  and  neuroglia 
cells  to  reach  the  cells  of  Purkinje. 


that  this  is  the  path  by  which  the  visual  impulses  exciting  both 
mental  impressions  and  cerebellar  equilibration  travel. 
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By  the  lower  peduncle  it  is  connected  with  the  bulb  and  cord. 
By  this  path  both  afferent  and  efferent  impulses  pass  to  and  from 
the  cerebellum.  Besides  many  others,  no  doubt,  the  sensory 
impulses  from  the  skin  and  muscles  required  for  cerebellar  co- 
ordination pass  by  this  peduncle.  The  middle  peduncle  serves 
to  unite  the  lateral  lobes  of  the  two  sides,  and  through  it  pass 
the  impulses  received  from  the  semicircular  canals. 

Experiment  on  the  cerebellum,  though  attended  with  great 
difficulty  in  the  higher  animals,  has  given  results  which  agree 
remarkably  in  the  majority  of  cases.  The  most  definite  results 
have  been  obtained  in  pigeons  and  dogs. 

They  may  be  thus  enumerated  : — 

A.  Removal  of  a  part  or  of  the  whole  cerebellum  is  followed 
by— 

1.  No  loss  of  intelligence,  volition,  or  sensory  impressions. 

2.  No  motor  paralysis  of  the  respiratory  or  the  voluntary 
trunk  muscles. 

3.  Inability  to  stand,  walk,  or  fly  in  a  steady  manner  {titu- 
batiott),  without  other  signs  of  muscular  paralysis. 

4.  Repeated  ineffectual  and  agitated  movements  of  the  head 
and  limbs. 

5.  Futile  attempts  to  respond  voluntarily  to  visual  and  other 
"  stimuli. 

The  amount  of  the  deficiency  in  each  case  depends  on  the 
amount  of  substance  removed,  the  effects  following  injury -of  the 
vermis  being  marked. 

B.  Stimulation  of  the  cerebellar  cortex  has  been  found  to 
cause — 

1.  Movements  of  the  eyes,  varying  with  .the  part  stimulated. 

2.  Movements  of  the  muscles  of  the  same  side  of  the  body 
and  a  tendency  to  fall  toward  the  side  stimulated. 

3.  If  the  vermis  be  irritated  in  front  or  behind,  "  forced 
movements"  are  produced,  with  a  tendency  to  rotation  forward 
or  backward  respectively,  i.  e.,  somersaults,  forward  or  backward. 

Froni  the  foregoing  observations  it  has  been  concluded  that 
the  cerebellum  directs  those  movements  which  are  willed  by 
the  cerebral  cortex  and  executed  by  the  voluntary  muscles  into 
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harmonious  and  regular  actions,  and  enables  them  accurately  to 
attain  the  object  in  view.  In  short,  that  the  cerebellum  acts  as 
the  coordinator  of  voluntary  movements,  just  as  the  cord 
directs  ordinary  reflex  acts,  and  the  bulb  controls  the  automatic 
respiratory  and  other  unconscious  movements,  etc. 

It  has  been  urged  against  these  conclusions  that  the  animals 
recover  in  a  comparatively  short  time  if  the  removal  of  the 
organ  be  not  very  complete,  and,  the  forced  movements,  etc., 
have  on  this  account  been  attributed  to  irritation  of  the  parts 
during  or  after  extirpation.  But  this  incoordination  has  been 
seen  to  persist  for  a  year  in  a  dog,  otherwise  healthy,  and  the 
recovery  can  be  explained  in  the  same  way  as  that  which  follows 
other  nervous  lesions,  i.  e.,  functional  compensation. 

Pathological  observations  in  part  contradict  and  in  part 
confirm  the  experimental  evidence.  Thus  congenital  atrophy 
or  very  chronic  disease  may  cause  a  deficiency  amounting  to 
ablation  without  giving  rise  to  any  marked  want  of  coordina- 
tion. On  the  other  hand,  the  very  characteristic  staggering 
gait  of  "cerebellar  ataxy,"  which  is  known  to  be  associated 
with  lesion  of  the  cerebellum,  seems  to  prove  that  the  experi- 
mental evidence  is  trustworthy,  and  if  the  pathological  lesion 
progress  with  rapidity  or  involve  the  vermis,  symptoms  of  want 
of  coordination  are  invariably  found. 

Comparative  anatomy  also  confirms  the  views  here  expressed 
of  the  function  of  the  cerebellum.  Those  animals  (reptiles, 
etc.),  which  only  perform  awkward,  sluggish  movements,  of  such 
a  type  as  we  see  executed  by  the  raid-  and  hind-brain  alone,  have 
a  poorly  developed  cerebellum ;  but  those  animals  which  can 
execute  rapid  and.  complex  voluntary  variations  of  movement 
have  the  organ  relatively  well  developed. 

Crura  Cerebri. 
Lying  beneath  the  Sylvian  aqueduct  are  two  thick  strands  of 
nerve  substance  connecting  the  pons  Varolii  with  the  cerebral 
hemispheres.  These  are  called  the  crura  cerebri.  They  diverge 
slightly  in  their  upward  course  toward  the  hemispheres,  and  lie 
just  below   the   corpora   quadrigeraina.      Examination    of    the 
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crura  by  transverse  sections  shows  a  division  into  two  parts. 
The  lower  and  more  anterior  part,  which  can  be  seen  on  the  base 
of  the  brain,  is  called  the  base,  or  pes  crusta.  The  posterior  or 
upper  part,  which  lies  next  to  and  is  connected  with  the  corpora 
quadrigemina,  is  called  the  tegmentum.  Anatomically  the  separa- 
tion between  the  two  is  indicated  .by  some  scattered  nerve  cells 
(Jocus  niger).  The  base,  or  crusta,  which  is  the  great  bond  of 
union  between  the  spinal  cord  and  the  cerebral  motor  centers, 
passes  into  the  internal  capsule ;  and  the  tegmentum  is  lost  in 
the  gray  matter  forming  the  subthalamic  region.     (Fig.  231.) 


Diagram  of  Transverse  Section  of  the  Cms  (modified  from  Wernicke).  LF,  UF,  upper 
and  lower  fillet ;  C  Q  A,  anterior  Corp.  quad. ;  Aq,  aqueduct  ;  III,  nucleus  of  third 
nerve,  3;  FH,  posterior  horizontal  fibers;  cp,  brachium  of  post,  quad.;  RN,  red 
nucleus;  SN,  substantia  nigra;  CGI,  internal  geniculate  body;  TOC,  temporo- 
occipital  cerebellar  fibers ;  Py,  pyramidal  fibers:  FC,  fronto-cerebellar  fillers:  CC, 
caudate  cerebellar  fibers ;  t,  inner  fibers'of  crusta  to  tegmentum.  {Gowers'  "Diseases 
of  Nerv,  System.") 


The  crura  form  the  two  bonds  of  connection  between  the 
cerebrum  and  other  parts  of  the  nervous  system.  The  fibers  in 
the  crusta  are  described  as  being  made  up  of  the  three  sets.  The 
innermost  (FC)  of  these  passes  under  the  optic  thalamus  to  the 
anterior  limb  of  the  internal  capsule,  whence  it  spreads  as  part 
of  the  corona  radiata  to  terminate  in  the   frontal  lobes.     The 
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median  set  (Py)  consisting  of  the  pyramidal  fibers,  which  if 
traced  up  are  seen  to  enter  the  internal  capsule,  forming  the 
knee  and  anterior  two-thirds  of  the  posterior  limb.  The  lateral 
set  (TOC)  also  runs  to  the  internal  capsule,  forming  most  of  the 
remainder  of  the  posterior  limb,  and  as  part  of  the  .  corona 
radiata  passes  to  the  occipital  and  temporal  lobes. 

Corpora  Quadrigemina. 

The  anterior  pair  of  these  bodies  or  nates  are  associated  with 
the  lateral  corpus  geniculatum  and  together  form  a  nucleus  of 
the  optic  nerve,  in  which  apparently  nearly  the  whole  of  the 
optic  tract  terminates.  Its  further  connections  are  by  the  crus 
and  the  optic  radiation  to  the  occipital  and  angular  gyri,  through 
the  superior  peduncle  with  the  cerebellum,  and  by  many  fibers 
to  the  nuclei  of  the  third,  sixth,  etc.,  cranial  nerves. 

With  respect  to  their  function  we  know  that  they  have  some- 
thing to  do  with  vision.  The  destruction  of  one  leads  to  dilata- 
tion of  the  pupil  on  the  same  side  and  hemianopia  of  the 
opposite  field  of  vision.  Stimulation  leads  to  contraction  of  the 
pupil  and  a  peculiar  cry,  which  is  stated  to  be  characteristic. 
Pathological  lesion  involving  their  destruction  leads  to  blindness, 
with  consequent  effects  on  cerebellar  coordination.  Injury  in 
this  region  often  leads  to  "  forced  movements."  If  the  eyes  be 
extirpated  the  nates  become  atrophied. 

The  posterior  pair,  or  testes,  with  which  the  internal  corpora 
geniculata  are  associated,  have  some  cohnection  with  the  internal 
ear,  probably  receiving  impulses  from  the  semicircular  canals. 
Their  destruction  produces  incoordination,  and  sometimes 
"forced  movements." 

The  corpora  quadrigemina  correspond  to  the  optic  lobes  of 
birds,  amphibia,  and  fishes.  In  the  frog  these  lobes  perform  much 
of  the  function  of  the  cerebellum,  i.  e.,  equilibration. 

Basal  Ganglia. 
The  corpus  striatum  consists  of  two  parts,  the  lenticular  nucleus 
and  the  caudate  nucleus  (Fig.    233),   between  which  runs  the 
anterior   limb   of    the   internal   cansule.     These    bodies    wpre 
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formerly  considered 
to  be  motor  nuclei 
for  all  parts,  but  on 
insufficient  grounds. 
Though  electrical 
stimulation  of  these 
bodies  is  said  to  cause 
muscular  reaction, 
disease  of  them,  as 
long  as  it  does  not 
involve  the  internal 
capsule,  produces 
neither  motor  nor 
sensory  symptoms. 
Morphologically 
they  are  considered 
as  part  of  the  cortex. 
The  optic  thalami 
(Fig.  233)  form  the 
lateral  walls  of  the 
third  ventricle,  and 
are  separated  from 
the  lenticular  nuclei 
by  the  posterior 
limbs  of  the  internal 
capsule.  These  were 
formerly  considered 
to  be  sensory  nuclei. 
Our  knowledge  of 
the  function  of  these 
bodies  is  as  vague  as 


Section  Through  the  Cortex 
of  Temporal  Lobe  of  Mon- 
key, showing  the  series  of 
layers  of  nervous  cells  with 
different  characters.  In 
the  motor  areivi  character- 
istic large  cells  are  found 
in  layer  No.  5  arranged  in 
"  cell  dusters.'* 


Fig.  232. 


I    Peripheral. 


2    Small  angular  cells. 


h    Pyramidal  cells. 


4  Granular  stratum. 


'5   Ganglionic  cells. 


6  Spindle  cells. 
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in  the  case  of  the  corpora  striata.  It  is  stated  that  the  removal 
of  the  cerebral  cortex  leads  to  almost  complete  atrophy  of  the 
optic  thalami. 

Lesion  of  the  corpus  striatum  or.  of  the  front  part  of  the  optic 
thalamus  has  a  marked  influence  on  the  production  of  heat  of 
the  body,  causing  a  distinct  rise  in  the  temperature  of  the  body. 

Fig.  233. 


Diagram  to  Show  the  Relative  Position  of  the  Several  Motor  Tracts  in  their  Course  from 
the  Cortex  to  the  Crus.  The  section  through  the  convolutions  is  vertical ;  that  through 
the  internal  capsule  (I-C)  horizontal ;  that  through  the  crus  again  vertical. 

CN,  caudate  nucleus ;  O  TH,  optic  thalamus  ;  Lz  and  L3,  middle  and  outer  parts  of  the 
lenticular  nucleus ;  fy  a,  I,  face,  arm,  leg  fibers.  The  words  indicate  the  corresponding 
cortical  centers.     \Govjers'  "  Diseases  of  Nerv.  System."^ 


Cerebral  Hemispheres. 
There  can  be  but  little  doubt  that  the  hemispheres  have  many 
functions  of  which  we  are  quite  ignorant,  but  it  is  now  univer- 
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sally  regarded  as  a  recognized  fact  that  the  brain  is  the  seat  of  the 
mental  faculties — perception,  memory,  thought,  and  volition. 
The  cerebral  cortex  is  the  only  part  of  the  nervous  system  in 
which  the  subjective  perception  of  the  various  sensory  impulses 
tak^s  place,  and  in  which  impulses  are  converted  into  impres- 
sions, or  mental  operations.  Some  cells  of  the  brain  must  then 
differ  from  those  of  the  lower  centers — which  simply  receive 
and  discharge  impulses — in  the  fact  that  an  impulse,  besides 
producing  an  immediate  effect  in  the  cortex,  leaves  in  the  pro- 
toplasm some  vestige  of  that  effect. 

Repeated  excitation  of  the  spinal  cells  only  enables  movements 
to  be  more  perfectly  coordinated.  On  the  other  hand,  a  resi- 
dual disposition  persists  in  the  cells  of  the  cerebral  cortex,  which 
is  subject  to  automatic  revival,  and  calls  forth  complex  corre- 
lated acts,  laying  impressions,  which  may  be  voluntarily  repro- 
duced at  any  subsequent  period.  This  mental  revival  of 
impressions,  the  effects  of  past  stimulations,  or  "  recollection," 
is  the  characteristic  property  of  the  cerebral  cortex,  and  to  it 
the  hemispheres  owe  their  mental  faculties,  thought,  judgment, 
etc.  During  our  lifetime  sensory  impulses  are  continually 
streaming  into  the  cells  of  the  cortex  of  the  brain  from  the  peri- 
pheral sensory  organs.  Thus  innumerable  impressions  are  stored 
up  in  the  nerve  cells.  The  persistence  of  these  impressions  in 
the  cells  renders  memory  possible,  and  by  association,  adjustment, 
or  analysis  of  these  persisting  impressions,  the  activity  of  certain 
cells  gives  rise  to  thoughts  and  wishes,  which  may  be  expressed 
by  muscular  movement.  Thus  we  feel,  remember,  think,  and 
will  in  our  cerebral  cortex. 

It  is  a  very  remarkable  fact,  that  one  side  of  the  brain  seems 
to  be  sufficient  for  the  perfect  performance  of  the  mental  facul- 
ties. Consciousness,  memory,  and  thought  can  all  be  operative  in 
a  normal  way,  when  one  side  of  the  brain  is  rendered  incapable 
of  performing  its  most  obvious  functions  by  disease  or  injury. 

On  the  other  hand,  when  one  hemisphere  is  destroyed  or  cut 
off  from  its  lower  connections  the  reception  of  all  sensory  im- 
pressions from,  and  the  execution  of  most  voluntary  movements 
on,  the  opposite  side  of  the  body  are  held  in  abeyance. 
58 
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These  facts  may  be  shown  experimentally,  or  can  be  seen  in 
hemiplegia,  where  one  side  of  the  body  is  paralyzed  from  disease 
of  the  opposite  hemisphere.  The  patient  is  frequently  fully 
conscious,  and  may  possess  unimpaired  powers  of  thought  and 
memory,  yet  he  is  unable  to  perceive  the  sensory  impulses  com- 
ing from  one  side  of  his  body,  or  to  send  voluntary  impulses  to 
those  muscles  which  in  health  are  most  distinctly  under  the  con- 

FlG.  234. 


The  Dark  Shading  shows  Areas  which  were  Destroyed  in  a  Monl^ey  without  giving  rise  to 
any  functional  defect  that  could  be  detected,    (J^errter.) 


trol  of  the  will ;  for  it  must  be  noted  that  those  muscles  which 
are  under  the  control  of  the  cords,  bulb,  or  basal  ganglia  in 
executing  associated  and  bilateral  reflex  movements  are  not 
paralyzed  in  ordinary  hemiplegia,  and  in  most  cases  of  this 
disease  can  be  influenced  by  the  will. 

The   cells  which  act  as  the  immediate   receivers  of  afferent 
impulses  from,  and  dispensers  of  efferent  impulses  to,  one  or 
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Other  side  of  the  body,  are  localized  to  the  hemisphere  of  the 
opposite  side,  while  mental  operations  are  diffused  over  the 
cortex  of  both  hemispheres. 

Localization  of  the  Cerebral  Functions. 

Some  sixty  years  ago  Flourens  began  to  test  the  functions  of 
the  brain  by  systematic  experiment.  From  the  great  extent  of 
substance  that  could  be  sliced  away  from  any  region  without 
interfering  with  a  single  special  faculty,  he  concluded  (a)  that 
a  small  portion  of  the  hemispheres  sufficed  for  the  exercise  of 
their  function ;  (/S)  that  all  the  lobes  concur,  as  an  entity,  in 
establishing  each  of  their  faculties,  and  (j)  that  when  sufficient 
of  the  brain  substance  is  removed,  for  one  faculty  to  be  lost,  all 
are  lost. 

Attempts  to  test  the  function  of  the  cortex  by  stimulation  of 
various  kinds  were  tried  with  negative  results  by  Flourens  and 
many  others. 

As  local  ablation  caused  no  deficiency  and  local  stimulation 
gave  no  response,  physiologists  were  satisfied  that  no  special 
function  could  be  assigned  to  any  special  part  of  the  cerebral 
cortex. 

Within  the  last  twenty-five  years  attempts  to  localize  functions 
in  the  cortex  have  given  more  promise ;  however,  at  the  present 
day  we  are  still  bound  by  the  conclusions  of  Flourens  as  regards 
all  the  general  psychical  faculties,  the  structural  representatives 
of  which  are  so  interwoven  throughout  the  cortex  that  attempts 
to  unravel  them  have  met  with  no  success,  and  as  regards  con- 
siderable portions  of  the  brain,  particularly  the  frontal  and 
occipital  lobes,  removal  of  which  in  monkeys  causes  no  loss  of 
faculty. 

A  new  epoch  in  the  history  of  cerebral  physiology  was  com- 
menced (1870)  when  Fritsch  and  Hitzig — soon  followed  by 
Ferrier — found  that  in  some  parts  of  the  cortex  local  stimula- 
tion was  responded  to  by  local  muscular  contraction. 

We  now  entertain  the  hope  that  the  point  of  exit  of  voluntary 
motor  impulses  and  the  points  of  arrival  of  sensory  impulses 
may  soon  be  accurately  determined. 
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Here  only  the  briefest  review  of  our  rapidly  growing  knowl- 
edge on  this  subject  can  be  given. 

Motor  Areas. 
The  convolutions   around   the   fissure   of   Rolando  are  now 
generally  accepted  as  "  the  Motor  Area."     (Fig.  235.) 
The  evidence  in  support  of  this  may  be  thus  stated:— 
I.  Excitation  of  these    convolutions   causes   different   coor- 

FlG.  235. 


Dark  Shading  indicates  the  Extent  of  a  Lesion  of  the  Gray  Matter  of  the  Right  Hemisphere 
of  a  Monkey,  followed  by  complete  motor  paralysis  of  the  limbs  of  the  opposite  side,  with- 
out impairment  of  sensation.     {Ferrier.) 
1;,  fissure  of  Rolando ;  d^  postero-parietal  lobule ;  ^,  ascending  frontal  convolution. 


dinated  movements  of  the  muscles  of  the  other  side  of  the 
body.  These  movements  may  be  predicted,  and  follow  with 
striking  constancy  and  accuracy  limited  electric  stimulation  of 
certain  definite  areas  of  the  cortex.  The  motor  area  has  been 
mapped  out,  in  animals  as  low  as  the  rabbit,  into  motor  centers 
for  the  leg,  arm,  face,  etc.,  and  still  more  accurately  in  animals 
with  more  highly  developed  brains  (dogs  and  monkeys). 

In  some  monkeys  a  definite  movement  of  a  single  digit  may 
be  surely  predicted  and  elicited  by  the  will  of  the  operator  of 
experience.     It  is  quite  sure  that  the  more  highly  developed 
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the  brain,  the  more  distinctly  differentiated  are  the  areas 
representing  definite  actions  and  sets  of  muscles. 

The  relation  of  the  various  areas  representing  certain  definite 
movements  may  be  learned  from  Figs.  236,  237. 

If  the  stimulation  be  strong,  it  may  no  longer  give  rise  to  a 
single  action,  but  the  contractions  may  spread  from  the  muscles 
first  stimulated  so  as  to  produce  convulsions  which  closely  re- 


FlG.  236. 


Upper  Surface  of  the  Hemispheres  of  Monkey,  showing  details  of  motor  areas.    References 
as  in  next  figure.    {J*'errier.) 


semble  an  ordinary  epileptic  seizure.  These  convulsions  pass 
through  a  tonic  and  clonic  stage  which  are  followed  by  a  stage 
of  exhaustion,  during  which  the  cortex  is  not  ordinarily  excitable. 

These  convulsions  cannot  be  produced  after  the  motor  areas 
of  cortex  have  been  removed  from  both  hemispheres. 

The  careful  clinical  study  of  local  epileptic  convulsions  in 
man   had   previously  led   to   their  being  attributed    to    local 
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cortical  lesions,  a  speculation  which  has  since  been  amply  con- 
firmed by  experiment  and  pathological  experience. 

That  the  movements  are  not  due  to  diffusion  of  the  electric 
current  acting  on  the  underlying  white  fibers  of  the  corona 
radiata — as  some  supposed — is  (apart  from  the  precision  with 

Fig.  237. 


Left  Hemisphere  of  Monkey,  showing  details  of  motor  areas  indicated  by  the  movements 
following  stimulation  of, — 

1.  Superior  parietal  lobule  ;  exciting  advance  of  the  hind  limb. 

2.  Top  of  ascending  frontal  and  parietal  convolutions ;  flexion  and  outward  rotation  of 

thigh ;  flexion  of  toes. 

3.  On  ascending  frontal  convolution  near  semi-lunar  sulcus  ;    movements  of  hind  limb, 

tail,  and  extremity  of  trunk. 

4.  On  adjacent  margins  of  ascending  frontal  and  parietal  convolution  ;  adduction  and 

extension  of  arm,  pronation  of  hand. 

5.  Top  of  ascending  frontal  near  superior  frontal  convolution  ;  forward  extension  of  arm. 
a,  b,  c,  d,  on  ascending  parietal ;  movements  of  various  muscles  of  the  forearm. 

6.  Ascending  frontal  convolution ;    flexion  of  forearm   and  supination  offhand  which  is 

brought  toward  mouth. 

7.  Retraction  and  elevation  of  corner  of  mouth. 

8.  Elevation  of  nose  and  lip. 

9  and  10.  Opening  mouth  and  motions  of  tongue. 

11.  Retraction  of  angle  of  mouth. 

12.  Middle  and  superior  frontal  convolutions;  movements  of  head  and  eyelids. 

13  and  13'.     Anterior  and  posterior  limbs  of  angular  gyrus  ;  movements  of  eyeballs. 

14.  Superior  temporo-sphenoidal  convolution,  ear  pricked  and  head  moved. 

15.  Movement  of  lip  and  nostril.     {Perrier.) 


which  they  can  be  reproduced)  amply  proved  by  the  following 
facts: — 

1.  Mechanical  stimulation  of  the  gray  matter  of  the  motor 
area  can  also  excite  local  movement. 

2.  The  period   between   the  stimulation    and    the    response 
{latency)^  is  about  .02  second  longer  when  the  cortex  is  stimu- 
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lated  than  when  the  movements  are  brought  about  directly  by 
stimulating  the  underlying  white  fibers. 

3.  In  other  parts  where  the  gray  matter  is  equally  near  to 
motor  tracts,  no  result  follows  its  electric  stimulation. 

4.  If  the  cortex  be  physiologically  separated  by  a  cut  of  a 
thin  knife,  but  be  allowed  to  remain  exactly  in  situ,  so  that  the 
subjacent  corona  radiata  is  physically  equally  within  range  of 
diffused  currents,  then  stimulation  excites  no  movement. 

5.  Epileptic  convulsions  are  much  more  readily  produced 
when  the  cortex  is  excited  than  when  the  stimulus  is  applied  to 
the  corona. 

The  absence  from  other  parts  of  the  cortex  of  motor  response 
to  electric  stimulation  seems  a  strong  argument  in  favor  of  those 
areas  where  specific  movements  are  produced,  being  subservient 
to  the  discharge  of  motor  impulses. 

It  must  be  here  mentioned  that  stimulation  of  some  other 
parts  (areas  of  special  sense,  to  be  considered  presently)  also 
gives  rise  to  local,  though  perhaps  not  quite  so  definite,  move- 
ments. These  movements  are  looked  upon  as  being  produced 
by  indirect  excitation  of  the  motor  areas,  for  the  following 
reasons :  (a)  The  movements  are  such  as  would  be  excited  by 
impressions  emanating  from  special  sense  organs,  e.g.,  turning 
the  eyes  and  head  to  one  side,  pricking  the  ears  and  fixing  the 
eyes,  or  moving  the  nostrils,  head,  etc.  (y5)  The  latent  period 
of  the  movements  following  stimulation  of  the  areas  of  special 
sense  is  longer  than  that  of  those  following  stimulation  of  the 
motor  areas  proper. 

II.  Destruction  or  pathological  lesion  of  the  Convolutions 
around  the  fissure  of  Rolando  is  followed  by  loss  of  voluntary 
power  in  the  limbs  of  the  opposite  side.  If  the  destruction  be 
extensive  and  complete  the  result  is  hemiplegia.     (Fig.  235.) 

A  marked  difference  exists  between  the  results  found  in 
different  orders  of  animals.  The  lower  in  the  scale  the  animal, 
the  less  distinct  or  definite  are  the  paralytic  symptoms  it  shows 
after  a  given  injury,  and  the  more  extended  must  the  lesion  be 
in  order  to  give  tangible  results.     Thus  a  single  or  local  group 
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of  muscles  may  be  paralyzed  by  a  small  local  injury  in  a 
monkey,  whereas  in  a  dog  a  similar  injury  would  give  no  defi- 
nite result. 

The  age  of , the  animal  also  has  some  influence  on  the  results 
of  lesion :  the  older  the  animal  the  more  marked  the  paralysis 
following  a  given  lesion.  Thus  in  puppies  up  to  the  tenth  day 
all  the  motor  area  may  be  destroyed  without  in  any  way  influ- 
encing their  powers  of  movement,  which  continue  to  develop  in 
a  normal  manner. 

It  is  a  striking  fact — which  has  been  urged  against  the  theory 
of  cerebral  localization — that  after  destruction  of  the  motor  areas 
the  voluntary  function  of  the  muscles  returns  after  the  lapse  of  a 
variable  and  often  surprisingly  short  interval. 

The  more  limited  the  injury,  the  younger  and  the  lower  in  the 
animal  scale  the  object  of  experiment,  the  more  rapidly  does 
recovery  take  place.  Thus,  while  in  man  (as  we  know  from 
pathology)  and  in  the  monkey  the  destruction  of  a  small  area 
causes  protracted  paralysis,  in  the  cat,  dog,  etc.,  an  improvement 
can  be  noticed  a  few  hours  after  the  operation,  and  even  after 
the  most  extensive  lesions  that  can  be  executed  on  the  cortex 
fair  recovery  of  locomotion  takes  place. 

Convincing  evidence  that  this  area  is  the  normal  point  of  exit 
of  motor  impulses  is  given  by  the  anatomical  relations  of  these 
convolutions  to  the  direct  motor  tracts — as  demonstrated  by  the 
degeneration  method.  The  degeneration  can  be  traced  through 
the  corona  radiata,  internal  capsule,  crusta,  bulbar  pyramidal 
tract  to  the  gray  matter  of  the  spinal  cord,  showing  that  med- 
ullated  fibers  pass,  in  a  course  uninterrupted  by  cell  stations, 
from  the  cortex  directly  to  the  anterior  cornua  of  the  gray  spinal 
matter.     These  must  be  the  channels  of  volitional  motor  impulses. 

Before  experimental  destruction  of  the  motor  areas  had  taught 
us  the  facts  just  mentioned,  pathology  had  given  some  strikingly 
suggestive  and  confirmatory  evidence.  One  point  we  owe  to 
pathology  alone,  as  it  affects  speech,  a  faculty  enjoyed  only  by 
man.  .It  is  found  that  lesion  implicating  the  third  frontal  con- 
volution on  the  left  side  is  invariably  associated  with  the  loss  of 
the   power  of   speaking — aphasia — a   frequent  concomitant   of 
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hemiplegia  of  the  right  side  of  the  body.  This  convolution  is 
close  to,  or  the  same  as,  the  motor  center  for  the  muscles  of  the 
tongue  and  mouth,  etc.,  and  it  would  appear  that  it  is  only 
educated  on  the  left  side — in  right-handed  people — for  those  co- 
ordinations requisite  for  framing  vocal  sounds  into  words. 
Hence  the  posterior  part  of  the  left  third  frontal  convolution  is 
called  the  speech  center. 

There  also  exists  conclusive  evidence  that  in  man  the  ascend- 
ing convolutions  (Rolandic  area)  have  the  same  motor  functions 
as  in  the  monkey.  Pathological  destruction  of  local  areas 
causes  paralysis,  and  irritative  disease  causes  convulsions  of  cor- 
responding parts  of  the  opposite  side  of  the  body.  In  man  and 
monkeys  a  rigid  state  of  the  muscles  supervenes  after  prolonged 
paralysis  caused  by  destructive  lesions  of  the  cortex.  Lesions  in 
other  parts  confined  to  the  cortex  cause  no  persistent  paralysis. 
The  descending  degeneration  which  marks  out  the  direct  motor 
tract  is  well  seen  in  man  long  after  motor  cortical  lesions,  and 
accurately  confirms  the  results  of  experimental  degeneration. 

It  is  noteworthy  that  in  the  motor  area  of  the  brain  larger 
ganglion  cells  are  found  than  in  any  other  part  of  the  cortex. 
These  cells  resemble,  but  are  larger  than,  the  large  motor  cells  of 
the  anterior  cornu  of  the  cord. 

Sensory  Areas. 

The  want  of  the  direct  indicator,  motion,  which  helps  us  in 
testing  the  functions  of  the  motor  areas,  makes  the  investigation 
of  sensory  areas  less  certain  and  conclusive.  Independent  of  this 
fact  it  is  quite  clear,  from  the  evidence  to  be  mentioned,  that  the 
sensory  regions  are  more  widely  distributed  and  are  less  accurately 
defined  than  the  motor  regions. 

The  evidence  may  again  be  conveniently  divided  into  indica- 
tions obtained  by  excitation  and  by  destruction. 

I.  Excitation  of  no  part  of  the  cortex  has  given  rise  to  con- 
clusive signs  of  common  or  tactile  sensation. 

Stimulation  of  the  postero-lateral  regions  of  the  cortex  (occipital 
lobes  and  angular  convolution^  causes  movement  of  the  head  and 
eyes  toward  the  opposite  side,  suggestive  of  visual  sensation. 
59 
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Stimulation  of  the  posterior  part  of  the  superior  temporo- 
sphenoidal  convolution  causes  the  animal  to  prick  its  ear  open  and 
fix  its  eyes  and  turn  its  head  toward  the  opposite  side,  as  if  it  had 
heard  with  that  ear.  This  is  best  seen  in  the  rabbit  and  other 
wild  animals,  which  also  give  a  startled  bound. 

Stimulation  of  the  anterior  part  of  the  medial  surface  of  the 
uncinate  convolution  is  said  to  cause  a  kind  of  torsion  of  the  lip 
and  nostril  suggestive  of  taste  or  smell.     (Fig.  237.) 

II.  Destruction  of  the  gyrus  fornicatus  or  of  the  hippocampal 
region  is  said  to  leave  more  or  less  impairment  of  common  and 
tactile  sensation,  and  total  destruction  of  all  these  regions  causes 
protracted  hemianesthesia.  There  is  no  pathological  evidence 
to  make  the  conclusions  drawn  from  these  experiments  applicable 
to  man,  and  the  anatomical  distribution  of  the  sensory  fibers,  as 
their  path  turns  outward  from  the  internal  capsule,  seems  to  prove 
that  it  is  not. 

Removal  or  experimental  destruction  of  one  occipital  lobe  is 
said  to  cause  hemiopia,  and  this  is  confirmed  by  pathological  ob- 
servation on  man.  Destruction  of  the  angular  convolution  is 
followed  by  temporary  blindness  of  the  opposite  side.  Even 
bilateral  destruction  of  the  angular  gyri  only  gives  rise  to 
transient  impairment  of  vision.  The  destruction  of  the  cortex 
over  the  angular  gyrus  and  the  occipital  lobe  on  one  side  causes 
very  transient  amblyopia  of  the  eye  on  the  other  side,  and  more 
enduring  hemiopia  on  the  side  opposite  to  the  lesion  of  both  eyes, 
i.  e.,  paralysis  of  both  retinae  on  the  same  side  as  the  lesion. 

To  produce  permanent  loss  of  sight  it  is  found  necessary  to 
destroy  the  cortex  over  a  very  extensive  area,  viz.,  both  angular 
gyri  and  both  occipital  lobes.  It  is  somewhat  remarkable  that 
the  blindness  in  the  case  of  the  monkey  here  referred  to  was 
followed  by  atrophy  of  the  optic  nerve.     (Fig.  238.) 

Destruction  of  the  superior  temporo-sphenoidal  convolution  is 
followed  by  loss  of  hearing  on  the  side  opposite  to  the  injury. 
When  the  lesion  was  bilateral  the  deafness  was  found  to  be 
permanent. 

Experimental  lesion  of  the  uncinate  convolution  is  attended 
with  great  difficulty,  and  to  produce  loss  of  taste  and  smell  ex- 
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tensive  injuries  have  to  be  made.  In  the  case  of  smell,  com- 
parative anatomy  seems  to  confirm  the  idea  that  this  region  may 
be  called  the  special  center  of  this  sense,  as  these  parts  of  the 
brain  are  developed  in  proportion  to  the  acuteness  of  this  very 
variable  faculty. 

Fig.  238. 


The  Shading  shows  the  Great  Extent  of  Surface  Destroyed  before  permanent  cortical  blind- 
ness followed  by  retinal  atrophy  was  produced :  z.  e.,  all  posterior  lobes  and  angular 
gyri. 

Conclusions. 

There  seems  no  sufficient  reason  to  doubt  that  the  motor  area 
includes  the  points  of  exit  from  the  brain  of  the  voluntary  motor 
impulses,  and  there  is  no  useful  object  in  assigning  to  these 
regions  any  other  special  function,  that  we  cannot  demonstrate, 
although  they  must  be  intimately  connected  with  many,  if  not 
all,  mental  acts  in  order  to  execute  the  function  assigned  to 
them. 

With  regard  to  the   sensory  areas,  they  seem   to  be  too   ill- 
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defined  and  too  widespread  to  enable  us  to  restrict  their  func- 
tions to  those  of  which  we  can  obtain  experimental  proof  or 
pathological  evidence.  For  instance,  we  cannot  believe  that  all 
the  gray  matter  in  the  angular  gyri  and  occipital  Ipbes  is 
devoted  exclusively  to  the  reception  of  visual  impression.  Yet 
all  this  region  must  be  destroyed  before  vision  finally  dis- 
appears. 

The  areas  of  the  cortex  employed  in  receiving  sensory  impulses 
and  forwarding  the  impressions  so  as  to  arouse  mental  acts  or 
record  memories  are  so  dovetailed  one  into  the  other  that  a 
separation  of  them  into  discrete  fields,  with  specific  local  func- 
tions, seems  to  be  highly  improbable  if  not  impossible. 

It  has  already  been  pointed  out  that  the  function  of  any  given 
nerve  fiber  depends  on  the  relationships  of  its  terminals.  The 
fiber  itself  is  merely  a  conducting  agent.  In  the  same  way  the 
functions  of  any  given  nerve  cell  must  depend  on  the  number 
and  character  of  its  connections.  If  it  be  connected  with  a 
motor  nerve  cell  or  an  end  plate  in  a  muscle,  it  can  only  excite 
impulses  that  give  rise  to  motion  ;  if  connected  with  a  sensory 
terminal,  it  must  be  a  receiver  and  distributor  of  sensory 
impulses;  if  connected  only  indirectly  with  the  cells  of  the 
perceptive  centers  or  of  the  motor  areas,  it  may  be  devoted  to 
volitional  recollection  or  movement. 

In  the  gray  matter  of  the  spinal  cord,  and  still  more  so  in  that 
of  the  cerebral  cortex,  we  may  assume  that  all  the  cells  are  in 
intimate  connection  with  innumerable  other  cells.  In  fact,  we 
must  imagine  that  the  gray  matter  of  both  cord  and  brain  is 
interwoven  into  a  complex  texture  of  fibrils  and  cells,  no  part  of  , 
which  is  isolated  from  the  rest,  but  all  the  elements  form  part  of 
a  contiguous  system.  Direct  continuity  of  one  nerve  cell  by 
means  of  its  processes  with  those  of  another  has  not  been  made 
out  histologically,  and  it  is  probable  that  the  universal  communi- 
cation may  be  accomplished  by  means  of  adjunction  rather  than 
conjunction  of  the  cell  processes. 

When  we  excise,  cauterize,  or  stimulate  a  given  point  of  the 
complex  cortex,  we  do  not  know  in  what  way  we  interfere  with 
the  perfect  action  of  the  wonderful  nervous  nexuses  which  con- 
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trol  the  organism,  because  our  knowledge  is  limited  to  the  eflfectg 
we  produce  upon  those  few  functions  the  activity  of  which  is 
obvious. 

The  Mechanism  of  Speech. 

The  evolution  of  mental  processes  from  the  impulses  derived 
from  the  various  sensory  organs  does  not  come  within  the 
scope  of  this  volume,  but  it  may  be  useful  to  consider  one 
faculty,  speech,  the  mechanism  of  which  we  may  attempt  to- 
unravel  by  studying  its  physiological  growth,  which  helps  us  to 
understand  mental  acts,  and  its  pathological  analysis,  which  is 
essential  for  clinical  diagnosis. 

The  power  of  using  words — either  in  the  form  of  sound 
signals,  mental  symbols,  or  written  images — to  represent  our 
ideas  is  inseparably  connected  with  the  highest  form  of  animal 
intelligence,  and  is  the  faculty  most  recently  acquired  by  the 
animal  kingdom. 

The  existence  of  a  speech  center  in  the  frontal  convolution, 
on  the  left  side,  has  already  been  mentioned.  This  is  not  the 
only  part  of  the  cortex  which  subserves  the  acquirement  and  use 
of  language.  It  is  merely  the  point  from  which  emanate  the  im- 
pulses giving  rise  to  articulate  expression  of  language.  Several 
other  parts  of  the  cortex  are  intimately  connected  with  this 
speech  center  proper,  and  only  by  the  exact  correlative  action 
of  all  these  parts  can  we  thoroughly  enjoy  the  use  of  lan- 
guage. 

The  development  of  language  may  be  taken  as  a  gauge  of 
intelligence.  It  varies  much  in  different  races  of  man,  in  differ- 
ent individuals  of  the  same  race,  and,  as  we  must  acquire  it  by 
education,  it  varies  with  the  different  periods  of  life.  The  in- 
telligent and  educated  man  is  as  far  above  the  untaught  savage — 
whose  language  consists  in  sound  signals  for  common  natural 
objects — as  the  savage  is  above  the  dog,  which  can  recognize 
words,  but  can  only  express  his  emotions  and  thoughts  by  vary- 
ing intonation  or  movements  of  his  body. 

The  subject  may  be  considered  under  three  headings — 

How  we  (i)  acquire,  (2)  remember,  and  (3)  use  words. 
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Acquisition  of  Words. 

Auditory  Perception. — An  infant  can  hear  at  birth,  and  learns 
to  discriminate  sounds  at  a  very  early  period,  but  it  has  to  learn 
words  by  a  gradual  process  requiring  more  time.  This  com- 
mences by  hearing  certain  sounds  repeated  in  connection  with 
certain  objects.  Soon  these  sounds  are  recognized  when  re- 
peated, and  call  up  visual  pictures  of  the  object  with  which  they 
had  previously  been  associated.  Gradually  a  vocabulary  of 
sound  signals  is  established  by  the  impulses  from  the  auditory 
region  passing  to  the  sensoriura,  where  residual  impressions  are 
left,  and  words  are,  as  it  were,  registered  in  cortical  cells. 

Now  we  have  pathological  evidence  that  the  power  of  recog- 
nizing word-sounds  is  localized  to  a  part  of  the  cerebral  cortex 
intimately  connected,  if  not  quite  identical,  with  the  hearing 
center,  viz.,  the  posterior  half  of  the  first  temporal  convolution 
on  the  left  side.  A  lesion  of  the  cortex  in  this  region  may  de- 
stroy this  power  of  recognizing  spoken  words  without  interfer- 
ing with  other  auditory  powers,  such  as  -appreciating  ordinary 
and  musical  sounds,  or  with  the  memory  of  words  as  symbols  of 
ideas.  The  person  may  be  able  to  write  and  understand  written 
words,  articulate  well,  read  aloud,  and  even  speak  volubly 
(though  inaccurately,  from  not  being  able  to  correct  his  speech 
by  his  hearing),  and  yet  he  cannot  recognize  one  word,  of  spoken 
language.  This  condition  has  been  called  "word-deafness." 
To  produce  it  some  flaw  must  exist,  separating  the  auditory  cells 
from  those  that  store  up  word  memories. 

Visual  Perception. — Some  time  after  a  child  has  learned  to 
recognize  word  sounds  it  begins  to  study  word  images,  and  in 
time  is  taught  to  read  printed  or  written  words.  This  visual 
word  perception  may  be  compared  to  the  auditory  word  percep- 
tion just  mentioned.  Here  again  the  images  of  the  words  when 
recognized  cause  impulses  to  pass  from  the  visual  centers  to  the 
higher  mental  centers  in  the  cells  of  which  the  words  are  regis- 
tered by  repeated  identical  excitation. 

The  part  of  the  cortex  in  which  this  visual  word  perception 
and  registration  takes  place    is  near  the  visual  center,  but  not 
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co-extensive  or  identical  with  it,  being  the  hinder  part  of  the 
parietal  lobe  on  the  left  side  (angular  gyrus).  Lesion  of  the 
cortex  in  this  region  gives  rise  to  a  condition  called  word  blind- 
ness, in  which  the  power  of  understanding  written  or  printed 
words  is  lost,  but  the  visual  power  of  recognizing  and  discrimi- 
nating objects  in  general  remains  unimpaired.  If  vision  be  at 
first  deficient  it  usually  rapidly  recovers. 

The  loss  of  the  power  of  recognizing  printed  or  written  words, 
t.  e.,  of  reading  (alexia)  may  occur  alone,  auditory  perception  of 
words  and  speech  remaining  unimpaired.  This  condition  has 
been  found  after  lesion  of  the  supramarginal  and  angular  con- 
volution. A  patient  with  alexia  can  write  either  spontaneously 
or  from  dictation,  but  irregularly,  as  if  with  closed  eyes, 
but,  strange  to  say,  he  cannot  read  one  word  of  what  he  has 
written. 

The  patient  can  see  the  printing  and  the  separate  words,  and 
may  even  be  able  to  say  them  aloud.  By  thus  transporting  the 
visual  perception — which  cannot  reach  the  sensorium  directly — 
by  sound  signals  to  the  auditory  portal,  the  meaning  of  the 
reflexly  pronounced  words  may  reach  the  higher  centers  and 
be  understood.  This  affection  is  called  "word-blindness," 
and  forms  a  part  of  "mind-blindness,"  with  which  it  is  some- 
times associated,  as  the  most  lasting  symptom,  for  the  power  of 
discriminating  between  general  objects  sometimes  returns,  and 
yet  the  cortex  may  remain  blind  to  words. 

Memory  of  Words. 
Word  Registration. — It  has  been  already  stated,  in  speaking 
of  motor  coordination,  that  the  groups  of  nerve  cells  which 
frequently  act  together  get  into  the  habit  of  performing  com- 
plex motions  with  ease,  and  that  by  use  certain  paths  in  the 
nervous  centers  become,  as  it  were,  beaten  tracts.  Each  func- 
tional act  of  a  group  of  nerve  elements  is  associated  with  a 
molecular  change  which  requires  some  time  for  its  complete 
restoration,  and  enables  the  elements  to  execute  more  readily 
the  same  kind  of  action.  The  resistance  in  the  path  of  trans- 
mission is  diminished,  and  a  residual  disposition  of  the  proto- 
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plasm  to  undergo  the  given  change  persists.  This  disposition 
may  pass  ofif  in  time,  or  it  may  become  permanent  by  sufficiently 
frequent  repetition.  In  the  facility  with  which  many  complex 
coordinations  can  be  executed  by  the  spinal  cord,  at  times 
unconsciously,  we  may  recognize  a  kind  of  motor  memory, 
formed  during  the  long  period  of  training  necessary  for  the 
perfect  performance  of  such  actions. 

For  the  mental  process — memory  properly  so-called — ^we 
have  no  other  physical  basis  than  this  residuum  of  molecular 
change.  The  impulses  exciting  a  mental  process  call  into  play 
a  more  or  less  extensive  combination  of  nerve  elements  and 
leave  in  them  residual  dispositions  to  repeat  the  same  act. 
Frequent  repetition  fixes  this  disposition,  and  when  it  is  fully 
established,  the  att  may  be  recalled  by  will,  so  that  we  can 
collect  the  thought  or  word  belonging  to  the  mental  process. 
This  residual  disposition  to  repeat  such  a  process  may  be  so 
marked  that  the  revival  takes  place  automatically,  independent 
of  the  will,  and  we  say  we  cannot  get  a  given  idea  "  out  of  our 
heads,"  as  sometimes  occurs  with  a  popular  melody. 

Amnesia. — The  memory  of  words  is  often  lost  when  other 
matters  are  perfectly  retained  in  the  mind,  and  while  there  is 
no  defect  in  the  sensory  or  motor  word  agencies.  A  person 
may  be  able  to  read,  and  write  from  copy,  or  from  dictation, 
hear  and  repeat  accurately  what  he  hears,  yet  he  may  have  for- 
gotten all  or  nearly  all  his  vocabulary.  This  condition,  called 
amnesic  aphasia,  has  not  been  localized  in  the  cortex.  It  may 
be  associated  with  more  or  less  general  loss  of  memory  (amnesia), 
but  need  not  be  associated  with  lesion  of  any  of  the  special 
centers  for  visual  or  auditory  perception  or  for  the  oral  or  the 
graphic  use  of  words.  The  agencies  for  the  registration  and 
for  the  utterance  of  words  are  perfect,  but  the  power  of 
voluntary  revival  is  lost.  There  must  then  be  a  combination 
of  nerve  cells — beyond  the  visual  and  auditory  registrars  and 
the  articulatory  and  graphic  workers — whose  function  is  to 
store  and  to  keep  within  reach  of  the  will  a  vocabulary  of 
words.  A  patient  having  lost  this  word  memory  can  easily 
repeat  the  words  he  hears  or  can  read  and  understand,  but  in 
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a  short  space  of  time  the  memory  of  those  words  again  fails  and 
cannot  be  revived  by  the  will. 

Use  of  Words. 

Articulate. — It  has  been  repeatedly  indicated  that  the  use  of 
words  in  speech  and  writing  requires  two  distinct  mechanisms. 
The  use  of  spoken  language  precedes  the  acquisition  of  writing 
by  some  years. .  The  part  of  the  brain  already  alluded  to  as  the 
vocal  speech  center  is  that  most  closely  connected  with  all  word 
processes  in  general.  In  right-handed  persons  it  is  always  situated 
in  the  left  hemisphere,  and  is  in  the  position  of  the  motor  area 
of  the  muscles  used  in  articulation,  viz.,  the  posterior  part  of 
the  third  frontal  convolution  and  probably  part  of  the  adjacent 
ascending  frontal. 

Lesion  of  this  region  is  invariably  followed  by  aphasia  of 
the  motor  variety,  /.  e.,  inability  to  utter  words  even  when  just 
heard  or  seen,  although  understood  perfectly;  it  is  frequently 
associated  with  amnesia,  word-blindness,  and,  less  commonly, 
word-deafness. 

There  may  be  no  loss  of  power  of  coordination  of  the  muscle 
used  in  speech,  but  the  power  to  originate  articulate  sounds  is 
gone.  The  total  loss  of  voluntary  speech  has  been  found  to 
follow  a  lesion  no  larger  than  a  filbert  nut.  The  person  may 
recognize  the  errors  he  makes,  can  understand  what  is  said  to 
him,  but  cannot  repeat  the  words,  in  this  differing  from  the 
simple  amnesic  condition,  when  he  can  utter  the  words  but 
cannot  remember  them.  He  cannot  read  aloud,  but  may  be 
able  to  understand  written  language.  He  can  copy  writing  or 
even  be  able  to  write  spontaneously  or  do  arithmetic.  In  some 
instances  there  may  be  power  to  articulate,  but  the  wrong  word 
is  produced,  much  to  the  annoyance  of  the  patient ;  even  the 
wrong  gestures  may  be  made— a  nod  of  assent  when  "  No  "  is 
meant,  and  vice  versa.  Occasionally  a  few  words  can  be 
uttered,  and  these  are  repeated  on  all  occasions,  with  or  without 
their  proper  meaning. 

A  person  unable  to  utter  one  word  voluntarily  may  speak  by 
accident  as  it  were,  without  thinking,  automatically  and  yet 
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correctly,  or  he  may  repeat  accurately  all  the  words  of  a  song 
when  singing. 

Graphic. — In  the  affection  just  described,  which  may  be 
designated  motor  aphasia,  the  power  of  writing  is  generally 
lost  {agraphia)  because  most  people  go  through  a  form  of  silent 
articulation  of  the  words  to  be  written,  and  only  by  extensive 
practice  can  persons  express  ideas  in  writing  by  the  independent 
association  of  the  sensorium  with  the  centers  of  manual  move- 
ment. Another  reason  why  agraphia  is  not  more  common  as  an 
isolated  symptom  is  the  frequent  occurrence  of  motor  paralysis 
of  the  right  hand  with  lesions  that  would  produce  it.  A  sufficient 
number  of  cases  are  on  record  to  show  that  the  loss  of  power  of 
writing  words  may  be  forgotten  without  motor  paralysis,  without 
any  form  of  aphasia,  i.  e.,  when  auditory  and  visual  perception 
of  words  are  perfect  and  the  memory  and  utterance  of  words 
normal.  The  individual  may  even  be  able  to  copy  figures  and 
words,  or  may  be  able  to  write  with  the  left  hand,  showing  that 
the  impulses  may  travel  from  the  region  of  visual  word  percep- 
tion to  the  arm  motor  center  without  the  mediation  of  the 
cells  devoted  normally  to  the  memory  of  how  to  form  written 
words  spontaneously. 

The  various  deficiencies  of  language  here  enumerated  have 
been  differentiated  in  order  to  show  that  the  corresponding 
centers  may  suffer  or  act  independently  of  others,  and  have  there- 
fore separate  positions  in  the  cortex,  but  as  a  rule  these  defi- 
ciencies are  variously  associated  to  form  a  complex  group  of 
symptoms,  showing  an  intimate  correlation  of  their  function. 

Total  Aphasia. 
Complete  loss  of  language,  comprising  word  deafness,  word 
blindness,  amnesia,  motor  aphasia,  and  agraphia  may  exist 
without  paralysis  or  want  of  coordination  of  the  movements  of 
the  muscles  engaged  in  articulation.  On  the  other  hand,  there 
may  be  distinctly  defective  articulation  without  a  trace  of  any 
form  of  aphasia.  This  is  accounted  for  by  the  fact  that  either 
hemisphere  suffices  to  set  the  bilaterally  associated  movements 
of  these  muscles  in  action,  so  long  as  their  coordinating  centers 
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in  the  bulb  are  uninjured,  but  injuries  of  the  bulb  and  lower 
part  of  the  pons  give  rise  to  defective  movements  of  these 
muscles  and  consequent  loss  of  articulation.  This  may  vary 
from  "  thickness  of  speech"  to  complete  anarthria,  when  the 
vocal  tones  of  the  larynx  alone  remain  to  represent  articulate 
speech. 

From  the  foregoing  it  would  appear  that  in  learning  and 
using  language  many  parts  of  the  cortex  are  brought  into  play, 
viz.  : — 

1.  A  center  for  remembering  the  sounds  of  words. 

2.  A  center  for  remembering   the  look  of  words,  printed  or 

written. 

3.  A  center  for  the  volitional  revival  (recollection)  of  words, 

as  representing  ideas. 

4.  A  center  for  remembering  how  to  utter  words. 

5.  A  center  for  remembering  how  to  write  words. 

6.  Centers  for  coordination  of  the  muscles  of  articulation. 

7.  Centers  for  the  movement  and  coordination  of  the  muscles 

of  the  hand  and  arm  in  writing. 
It  is  obvious  that  these  relationships  cannot  be  followed  out 
on  animals,  since  they  do  not  possess  the  faculty  of  language, 
but  experimental  and  pathological  experience  give  evidence  in 
favor  of  the  probability  that  for  every  faculty  a  similar  wide- 
spread cohesion  of  cortical  regions  obtains,  and  that  the 
residual  molecular  changes  in  cells,  giving  them  a  disposition  to 
revive  former  activities  as  ideas  in  response  to  the  will,  may  be 
brought  about  by  other  auditory  and  visual  perceptions  as  well 
as  by  tastes,  smells,  touches,  and  other  incoming  impulses  of 
which  we  know  nothing. 
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CHAPTER  XXXVI. 
REPRODUCTION. 

Male  and  Female  Generative  Elements. 

One  of  the  chief  characteristics  of  living  beings  is  their  power 
of  reproduction.  As  a  general  rule  organisms  can,  under  favor- 
able conditions,  give  rise  to  other  individuals  similar  to  them- 
selves. 

It  has  been  explained  (Chapter  IV)  how  in  the  lowest  forms 
of  animal  life  the  propagation  of  species  may  take  place  by  the 
division  of  a  single  cell :  thus  an  ameba  reproduces  by  the 
cleavage  of  its  mass  of  protoplasm,  separating  the  main  body 
into  two  ameba.  Such  a  method  of  reproduction  may  be  purely 
asexual,  each  individual  appearing  to  have  the  intrinsic  power 
of  reproduction. 

As  we  ascend  the  animal  scale,  we  find  that,  just  as  other  func- 
tions are  executed  by  certain  specially  differentiated  groups  of 
cells,  so  reproduction  is  performed  by  cells  endowed  with  specific 
powers.  And  we  find  that  reproduction  requires  the  coopera- 
tion of-  two  kinds  of  generative  elements,  each  of  which  is  pro- 
duced by  a  distinct  organ.  In  the  higher  organisms  these 
reproductive  elements  are  produced  by  different  individuals  of 
the  same  species,  thereby  dividing  them  into  two  sexes.  This 
is  termed  sexual  reproduction.         * 

The  sexual .  type  of  reproduction  is  more  widespread  than 
might  be  at  first  supposed.  It  may  be  recognized  in  some  of 
the  lowest  forms  of  plant  life,  when  conjugation  of  the  proto- 
plasm of  apparently  identical  cells  precedes  the  development  of 
some  kinds  of  spores.  In  all  the  more  highly  developed  forms 
of  animal  and  vegetable  life  only  sexual  reproduction  is  met 
with.  When  sexual  differentiation  is  advanced  the  male  organ 
produces  active  elements — the  spermatozoa ;  the  female  organ 
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produces  the  ovum,  which,  when  fertilized  by  the  spermatoza, 
develops  into  the  new  individual. 

The  narrow  limits  of  this  work  make  it  necessary  to  pass  over 
the  interesting  details  of  the  different  modes  of  reproduction 
and  to  confine  ourselves  to  a  brief  sketch  of  the  reproductive 
organs  of  mammalia  and  the  processes  which  take  place  in  the 
uterus  for  the  housing  and  nutrition  of  the  offspring.  As  much 
of  our  knowledge  of  the  earlier  stages  of  growth  has  been  gained 
from  the  eggs  of  oviparous  animals,  frequent  reference  will 
have  to  be  made  to  the  development  of  the  chick,  which  can  be 
studied  with  comparative  ease. 


Fig.  239. 


^i,J>. 


Section  of  the  Tubuli  Seminiferi  of  a  Rat,    i^SthUfer.^  ' 

,  tubuti  in  which  the  spermatozoa  are  not  fully  developed ;  b^  spermatozoa  more  developed ; 
c,  spermatozoa  fully  developed  /  1 


/ 


The  TESTiciiE. 
The  secreting  part  of  the  testes  is  composed  of  numerous 
packets  containing  coils  of  long  seminal  tubules^  These  tubules 
in  the  young  animal  are  lined  with  two  or  three  similar  layers  of 
polyhedral  nucleated  epithelial  cells.  After  puberty  the  cells 
lying  near  the  periphery  of   the  tube  (mother  cells)  become 
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altered  and,  undergoing  active  division  (see  page  41),  give  rise 
to  rounded  daughter  cells,  which,  as  they  change  into  sperma- 
tozoa, have  been  called  spermatoblasts.  The  innermost  of  the 
spermatoblasts  become  club-shaped  and  elongated  to  form 
spermatozoa,  the  flattened  nucleus  persisting  at  one  end  to 
form  the  head.  The  young  spermatozoa  collect  into  groups 
with  their  heads  (nuclei)  toward  the  seminal  cells,  next  the 
wall  of  the  tube,  and  they  become  imbedded  in  the  inner 
seminal  layer  by  the  rapid  proliferation  of  its  cells.  Each  of 
these  groups  of  spermatozoa  has  apparently  been  formed  from 
a  single  "mother  cell;"  but  in  its  division  this  cell  has  not 
entirely  formed  spermatoblasts,  for  there  is  still  one  nucleated 
piece  remaining  which  apparently  is  useless  and  corresponds 
to  that  piece  of  the  ovum  extruded  as  the  polar  globules. 
^  The  spermatozoa,  when  free,  are  seen  to  be  made  up  of  three 
parts,  (i)  the  slightly  curved  and  flattened  head,  which  is  the 
altered  nucleus  of  the  spermatoblast;  (2)  the  body,  which  is  the 
remnant  pf  the  protoplasm  of  the  body  of  the  cell,  and  (3)  the 
tail  or  flagellum,  which  propels  the  spermatozoa  onward  by  a 
spiral  or  oscillatory  movement. 

From  the  seminiferous  tubules  the  spermatozoa  have  to  pass 
through  the  epididymis,  composed  of  a  complex  series  of  tubules 
{vasa  efferentia)  and  networks  {conivasculosi)  lined  with  colum- 
nar cells,  the  free  surface  of  which  is  covered  with  long  cilia. 
Thence  they  pass  through  the  spermatic  cord  {vas  deferens)  to 
reach  the  vesicula  seminales,  both  of  which  tubules  have  very 
muscular  walls  and  are  lined  with  ciliated  epithelium. 

^  The  Ovary. 

The  ovaries^  which.^are  the  homologues  of  the  testes,  are 
fibrous  organs  of  great  vascularity  lying  in  a  fold  of  peritoneum 
at  each  side  of  the  uterus.  On  the  surface  of  the  ovary  is  a  coat 
of  dense  tissue,  tunica  albuginea,  which  is  covered  by  a  layer  of 
columnar  epithelial  cells,  diff'ering  essentially  from  the  flattened 
endothelial  cells  of  the  peritoneal  serous  membrane  both  in  form 
and  function.  The  pells  forming  this  covering  are  called  \^ti germ- 
epithelium.     In  a  section  of  the  ovary  a  number  of  small  vesicles 
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of  various  sizes  may  be  seen  scattered  throughout  the  more 
loosely  arranged  connective  tissue  of  the  deeper  parts  of  the 
organ.  Close  to  the  surface  these  bodies  are  very  numerous  and 
small,  and  some  may  be  traced  to  the  surface  cells  from  which 
they  take  their  origin.  These  vesicles  are  called  Graafian 
follicles.     They  contain  the  essential  element — the  ovum. 

The  ovum  is  developed  from  a  cell  of  the  germ  epithelium 
covering  the  surface  of  the  ovary.  The  primordial  ovum  becomes 
surrounded  by  a  group  of  these  cells,  which  proliferate  rapidly 
and  penetrate  the  tunica  albuginea.  They  then  become  imbedded 
in  the  stroma,  where  a  kind  of  capsule,  derived  from  the  sur- 
rounding areolar  tissue,  incloses  the  nest  of  cells  and  forms  a 
Graafian  follicle.  A  central  cell  grows  rapidly  to  form  the  ovum, 
the  rest  increase  in  number  to  form  the  small  cells  of  the  tunica 
granulosa.  As  the  follicle  develops,  it  works  its  way  toward  the 
center  of  the  ovary,  and  subsequently  approaches  the  periphery 
of  the  organ  as  a  fully-developed  ovisac. 

Microscopically,  it  is  seen  to  be  surrounded  by  a  capsule, 
tunica  fibrosa,  which  is  ill-defined  from  the  stroma  of  the  ovary 
in  which  it  lies.  Outside  this  is  a  layer  of  capillary  blood-vessels, 
tunica  vasculosa,  and  to  t-hese  two  coats  collectively  the  term 
tunica  propria  is  applied. 

Inside  the  tunica  propria  are  granular  cells  of  small  size,  which 
occupy  a  considerable  space  in  the  follicle.  In  the  ripe  follicle 
they  are  heaped  up  at  one  spot  so  as  to  surround  the  ovum,  which 
lies  imbedded  in  their  midst.  These  cells  receive  the  name  of 
the  tunica  granulosa,  and  their  projecting  portion,  which  encircles 
the  ovum,  is  called  the  discus  proligerus.  The  remainder  of  the 
follicle  is  filled  with  a  fluid,  liquor folliculi.  The  liquid  increases 
as  the,follicle  ripens  until  the  surface  is  reached,  and  the  vesicle 
projects  on  the  surface  ready  to  burst. 

Ovulation  and  Menstruation. 

After  puberty,  at  intervals  averaging  about   four  weeks,  a 

Graafian     follicle    is    ruptured    and    its   Ovum   set   free.     Co- 

incidently  with    the    rupture   of    the   follicle,    the    fimbriated 

extremity  of  the  Fallopian  tube  becomes  closely  approximated 
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to  the  Spot  where  the  follicles  lie,  so  that  the  ovum  instead  of 
falling  into  the  abdominal  cavity  passes  into  the  canal  of  the 
Fallopian  tube,  down  which  it  is  conveyed  to  the  uterus. 

At  the  period  of  ripening  of  the  ovum  changes   take  place 


Fig.  240. 


"^"lAv.,^^ 


Section  of  the  Ovary  of  a  Cat,  showing  the  origin  and  the  development  of  Graafian  follicles. 

{Cadiat.) 

a,  germ  epithelium ;  &,  Graafian  follicle  partly  developed  ;  c,  earliest  form  of  Graafian  fol- 
licle ;  df  well-developed  Graafian  follicle ;  e,  ovum  ;  _/J  vitelline  membrane  ;  g-,  veins  ; 
h,  i,  small  vessels  cut  across. 


in  the  vascular  arrangements  of  the  uterine  mucous  membrane. 
Dilated  venous  spaces  which  seem  to  be  rudimentary  homo- 
logu^s  of  the  venous  sinuses  of  the  placenta  are  formed  in  the 
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Fig. 


mucosa,  and  the  overlying  epithelium  perishes.  The  surface 
over  these  spaces  thus  becomes  denuded  and  allows  some  blood 
to  exude.     These  changes  form  the  essentials  of  menstruation. 

When  the  ovum  reaches  the  uterus,  if  it  be  unimpregnated,  it 
is  cast  out  with  the  surface  cells  of  the  mucous  membrane  of  the 
uterus,  etc.,  all  together  forming  the  menstrual  discharge. 

If,  however,  the  ovum  become  impregnated,  it  remains  in  the 
Fallopian  tubes  some  days,  during  which  time  the  mucous  mem- 
brane of  the  uterus  becomes  so  hypertrophied  as  to  retain  the 
ovum  when  it  ffeaches  that  organ. 

The  human  ovum  is  a  cell  consisting  of  a  mass  of  proto- 
plasm inclosing  a  nucleus  and  nucleolus,  and  surrounded  by  a 
cell-wall.  On  its  outer  surface  is  an  irregular  layer  of  cells, 
the  remains  of  that  part  of 
the  tunica  granulosa  which  en- 
circled the  ovum  in  the  Graa- 
fian follicle.  The  cell-wall  of 
the  ovum  is  called  the  vitelline 
membrane  or  zona  pellucida  ;  the 
mass  of  protoplasm  it  encircles 
is  called  the  vitellus  or  yolk. 
In  this  is  a  large  nucleus,  the 
germinal  vesicle,  consisting  of 
reticular  protoplasm  contained 
in  a  definite  membrane.  This 
contains  a  nucleolus  called  the 
germinal  spot. 

Beneath  the  outer  covering 
of  calcareous  material  of  the 
hen's  egg  there  is  a  white  membrane,  which  incloses  a  trans- 
parent albuminous  substance  known  as  the  white  of  egg. 
Inside  this  is  a  yellow  fluid  mass,  the  yolk,  surrounded  by 
a  delicate  membrane,  vitelline  membrane.  The  yolk  is  made 
up  of  two  varieties  of  material  of  different  shades  of  color,  the 
white  and  the  yellow  yolk.  Of  these  the  yellow  forms  the 
greater  part,  the  white  being  arranged  in  thin  layers,  which 
separate  the  yellow  yolk  into  strata.  In  the  center  of  the  yolk 
60 


Ovum,  {Robin.') 
,  zona  pellucida  or  vitelline  membrane ; 
b^  yolk ;  c,  germinal  vesicle  or  nucleus ; 
df  germinal  spot  or  nucleolus ;  e^  inter- 
val left  by  the  retraction  of  the  vitellus 
from  the  zona  pellucida. 
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it  forms  a  flask-shaped  mass,  with  its  neck  turned  to  the  upper 
surface,  upon  which  a  portion  of  the  yolk  rests,  called  the 
cicatricula.  This  cicatricula,  which  lies  between  the  vitelline 
membrane  and  the  white  yolk,  is  the  active  growing  part  of  the 
egg,  and  out  of  it  is  developed  the  chick  and  the  embryonic 
membranes. 

Extending  through  the  albumin  from  the  vitelline  membrane 


efi.l. 


Diagram  of  a  Section  ot  an  Unimpregnated  Fowl's  Egg.  {From  Foster  and  Balfour, 
after  Allen  Thontson,) 

bl,  blastoderm  or  cicatricula :  iv.  y,  white  yolk';  y.  y,  yellow  yolk  ;  ck.  I,  chalaza ;  z.  j.  m, 
inner  layer  of  shell  membrane;  j.  m,  outer  layer  of  shell  membrane;  s,  shell;  a.  ch, 
air  space  ;  iv,  the  white  of  the  egg  ;  vt,  vitelline  membrane ;  x,  the  denser  albuminous 
layer  which  lies  next  to  the  vitelline  membrane. 


toward  the  ends  of  the  egg  are  two  twisted  membranous  cords — 
the  chalazcR,  which  help  to  keep  the  yolk  in  position,  but  allow 
it  to  rotate,  so  that  the  cicatricula  is  always  the  uppermost  part 
of  the  yolk  when  the  egg  is  on  its  side. 

The  main  structural  differences  between  the  human  ovum 
taken  as  a  type  of  mammalian  ova  and  that  of  a  fowl  may  be 
gathered  from  the  above  description.     The  peculiarity  of  the 
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development  of  the  hen's  egg  is  that  only  a  small  portion  of  the 
yolk  is  engaged  in  the  formation  of  the  iirst  signs  of  the  chick 
and  its  membranes,  by  far  the  greater  part  of  the  egg,  both  yolk 
and  albumin,  being  utilized  as  nourishment  during  the  subsequent 
stages  of  development.     Such  ova  are  called  meroblastic. 

After  the  egg  has  been  laid,  it  obtains  no  help  from  the  out- 
side world,  except  the  oxygen  of  the  air  and  the  heat  of  the 
mother's  body;  it  is,  as  it  were,  fenced  in  with  a  protecting 
membrane,  garrisoned  with  the  quantity  of  provisions  required, 
and  by  the  warmth  of  the  hen's  body  stimulated  to  growth  and 
activity. 

The  whole  of  the  protoplasm  of  the  human  ovum,  on  the 
other  hand,  undergoes  segmentation  and  differentiation  in  the 
primary  formation  of  the  embryo.  Such  an  ovum  is  termed 
holoblastic.  From  the  very  earliest  stage  of  development  the  life 
and  growth  of  the  human  embryo  depend  upon  supplies  from 
the  mother,  the  ovum  not  having  within  itself  any  store  of  nu- 
trient material  (Fig.  7). 

Changes  in  the  Ovum. 

1.  Before  fertilization,  changes  occur  in  the  ova  of  lower 
animals  which  are  believed  to  have  their  homologues  in  mam- 
malia. The  germinal  vesicle  moves  nearer  the  surface  of  the 
egg,  its  membrane  becomes  less  distinct,  and  the  chromatin 
fibers  shorter  and  more  distinct.  An  achromatic  spindle  then 
appears  (see  p.  loi),  one  pole  of  which  protudes  from  the  surface, 
and  collecting  some  chromatin  fibers  and  a  little  protoplasm, 
forms  a  small  cell  (^polar  globule')  on  the  surface  of  the  ovum. 
The  whole  process  seems  simply  to  consist  of  an  equal  division 
of  the  nucleus  but  a  very  unequal  division  of  the  protoplasm. 
The  nucleus  then  returns  to  the  center,  but  soon  approaches 
the  surface  a  second  time  and  undergoes  similar  changes,  result- 
ing in  the  protrusion  of  a  second  polar  globule.  The  nucleus 
again  travels  to  its  old  position,  and  is  now  termed  the  female 
pronucleus.  It  is  distinctly  smaller  than  the  germinal  vesicle. 
The  whole  of  this  process  is  termed  the  maturation  of  the  ovum. 

2.  On  fecundation  a  spermatozoon  enters  the  protoplasm  of 
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the  ovum,  loses  its  tail,  and  its  head  becomes  globular,  forming 
the  male  pronucleus.  The  protoplasm  becomes  radiated  around 
the  latter,  and  it  approaches  the  female  pronucleus  with  which  it 
unites  to  form  the:  fecundation  nucleus,  the  whole  mass  of  proto- 


FlG.  243. 


Sections  of  the  Ovum  of  a  Rabbit,  showing  the  formation  of  the  blastodermic  vesicle.  > 
{JS.  Van  Beneden.) 
a,  b,  c,  d,  are  ova  in  successive  stages  of  development ;  z.p,  zona  pellucida ;  ect,  ectomeres, 
or  outer  cells  ;  eni,  entomeres,  or  inner  cells. 


plasm  becoming  at  the  same  time  radiated.  By  a  series  of  indi- 
rect divisions  the  segmentation  sphere  thus  formed  divides  at 
first  into  two  segments,  then  into  four,  eight,  sixteen,  and  so  on, 
until  a  large  spherical  mass  of  cells  is  formed.     To  this  condition 
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the  name  of  morula  is  given,  from  its  likeness  to  a  mulberry. 
Fluid  now  collects  among  the  cells  and  separates  some  of  them 
from  the  others,  and  they  arrange  themselves  into  an  outer  and 
inner  layer,  consisting  of  different  kinds  of  cells.  The  inner 
cells  finally  become  aggregated  at  one  part  of  the  ovum  in  con- 
tact with  the  outer  cells.  The  ovum  now  receives  the  name  of 
the  blastodermic  vesicle. 

In  the  hen's  egg  the  cleavage  is  confined  to  the  cicatricula  or 
blastoderm,  "and  does  not  include  the  rest  of  the  yolk. 

The  cells  in  the  blastodermic  vesicle  soon  form  three  definite 
layers,-  which  are  called  respectively,  from  their  position  in  the 
blastoderm,  the  epiblast,  the  mesoblast,  and  'icA  hypoblast. 

From  these  layers  are  developed  the  embryo  and  the  mem- 

FiG.  244. 


Transverse  Section  of  the  Medullary  Groove,  and  half  the  blastoderm  of  a  chick  of  eighteen 
,  hours,     {^Foster  and  Balfour .") 

'A,  epiblast;  B,  mesoblast;  c,  hypoblast;  wj/J  medullary  fold ;  wjr^,  medullary  groove ; 
^^..notochord. 


branes  surrounding  it,  each  layer  forming  certain  tissues.  These 
may  be  here  enumerated  : — 

From  the  epiblast)  or  outer  layer,  arise  the  epidermis  of  the 
skin,  the  skin  glands,  the  brain  and  spinal  cord,  and  certain  parts 
of  the  organs  of  special  sense ;  it  also  aids  in  the  formation  of 
the  chorion  and  the  amnion. 

From  the  mesoblast  are  developed  the  skeleton,  connective 
tissues,  and  muscles,  in  addition  to  the  vascular  system  and  the 
supporting  tissue  of  the  glands ;  a  kind  of  tessellated  cells, 
endothelial,  lining  vessels  and  serous  cavities,  also  arises  from 
this  layer. 

From  the  hypoblast  spring  the  epithelial  lining  of  the  alimen- 
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tary  canal,  of  the  glands,  which  are  diverticula  from  it,  and  of 
the  lungs ;  from  it  is  also  formed  the  lining  membrane  of  the 
allantois  and  yolk  sac. 

On  breaking  the  upper  part  of  a  hen's  egg  on  the  iirst  day  of 
incubation,  the  blastoderm  may  be  found  on  the  upper  surface 
of  the  yolk.  It  is  seen  to  consist  of  two  parts,  a  small,  clear, 
central  portion,  called  the  area  pellucida,  in  which  the  chick 
arises,  and  a  much  larger,  less  transparent  zone,  which  is  devoted 
to  the  formation  of  the  membranes  and  vascular  appendages  for 
the  nutrition  of  the  embryo.     This  is  the  area  opaca. 


Fig.  245. 


MP. 


P.  So. 


Diagrammatic  Longitudinal  Section  Through  the  Axis  of  an  Embryo  Chicle.    {Foster  and 

Bal/our.) 

N.  C,  neural  canal ;  Ck,  notochord ;  D,  foregut  ;  F.  So,  somatopleure ;  F.  Sfi,  splanch- 
nopleure ;  S^,  splanchnopleure  forming  the  .lower  wall  of  the  foregut ;  J^/t,  heart :  //, 
pleuroperitoneal  cavity  :  ^w,  amniotic  fold ;  .(4,  epiblast;  ^,  mesoblast;  C,  hypoblast. 


Toward  the  end  of  the  first  day  of  incubation  the  opaque 
area  spreads  greatly  and  its  inner  margin,  that  nearest  the  clear 
area,  becomes  mottled.  Early  on  the  second  day  it  is  colored 
and  the  formation  of  groups  of  vascular  channels  may  be  recog- 
nized. The  cells  send  out  branches  which  unite  to  form  a  net- 
work, at  the  nodal  points  of  which  nuclei  can  be  seen.  At  the 
same  time  a  colored  matter  appears  in  their  protoplasm  and 
soon  forms  little  masses,  red  corpuscles,  within  the  cells.  This 
part  of  the  opaque  area  is  then  called  the  area  vasculosa.  Dur- 
ing the  same  period  some  of  the  cells  of  the  clear  area  undergo 
a  similar  change,  and  among  the  mesoblastic  cells  of  the  head 
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end  of  the  embryo  a  red  speck  can  be  seen  and  soon  recognized, 
by  its  rhythmic  beating,  to  be  the  heart. 

The  embryo  is  developed  from  the  blastoderm  in  the  follow- 
ing manner.  At  the  front  of  the  area  pellucida,  which  becomes 
elongated,  a  fold  or  dipping  in  of  the  blastoderm  takes  place  ; 
this  consists  of  a  projecting  part  above  and  a  groove  below,  and 


Fig.  246. 


-X>P  B 


Vt 


This  and  the  two  following  wood-cuts  are  Diagrammatic  Views  of  Sections^  through  the 
Developing  Ovum^  showing  the  formation  of  the  membranes  of  the  chick.  {Foster  and 
Balfour^ 

A,  B,  C,  D,  E,  and  F.  are  vertical  sections  in  the  long  axis  of  the  embryo  ,at  different 

?eriods,  showing  trie  stages  of  development  of  the  amnion  and  of  the  yolk-sac;  1,  II, 
II,  and  IV,  are  transverse  sections  at  about  the  same  stages  of  development ;  i,  ii,  and 
iii,  give  only  the  posterior  part  of  the  longitudinal  section  to  show  three  stages  in  the 
formation  of  the  allantois ;  e^  embryo  :  y,  yolk  ;  /s/,  pleuroperitoneal  fissure  ;  vi,  vitel- 
line membrane ;  o/^  amniotic  fold  ;  a/,  allantois. 


constitutes  the  cephalic,  or  head  fold.  The  upper  projecting 
portion  of  the  fold  tends  to  grow  forward,  whilst  the  groove 
grows  gradually  backward.  Later  on,  a  similar  fold  appears  at 
the  posterior  part  of  the  area  pellucida  j  this  is  the  tail  fold.    At 
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the  sides  of  the  area  pellucida  folds  appear,  which  tend  to  grow 
downward  and  inward  so  as  to  reach  the  under  surface  of  the 
blastoderm  and  unite  with  the  head  and  tail  folds. 

By  the  approximation  of  all  these  folds  a  canal  is  formed — the 


ff,  embryo  :    A,  amnion  ;   a',  alimentary  canal;   z/^,  vitelline  membrane;    a/,  amniotic  fold ; 
flc,  amniotic  cavity ;  y^  yollc  ;  a/,  allantois. 


embryonal  sac — which  is  closed  above  by  the  main  portion  of  the 
area  pellucida,  in  front  by  the  head  fold,  behind  by  the  tail  fold, 
at  the  sides  by  the  lateral  folds,  whilst  below  it  is  open  to  the 
vitellus.  This  canal  ultimately  becomes  subdivided  into  an  inner 


DEVELOPMENT  OF  THE  MEMBRANES. 


719 


tube,  the  alimentary  tract,  and  an  outer  one,  which  forms  the 
body  walls,  the  final  place  of  union  of  the  folds  being  marked 
by  the  umbilicus.  It  must  be  clearly  understood  that  these  prim- 
ary folds  which  form  the  embryo  include  in  their  layers  the 
epiblast,  the  whole  thickness  of  the  mesoblast,  and  the  hypoblast, 

Fig.  246.* 


IV 


—  jllp 


'Diagrammatic  Sections  of  an  Embryo,  showing  the  destiny  of  the  yolk-sac,  ys. 
vi,  vitelline  membrane ;  pp,  pleuro-peritoneal  cavity ;  ac,  cavity  of  the  amnion ;  a,  amnion  ; 
a',  alimentary  canal;  ys,  yolk-sac 


whereas  the  folds  giving  rise  to  the  membranes  only  involve  the 
epiblast  and  with  it  a  portion  of  the  mesoblast  (A  in  Fig.  245). 


Formation  of  the  Membranes. 
(i)  TTie  Amnion. — The   mesoblast  around  the   embryo   be- 
comes thickened,  and   is  split   into  two   distinct  layers :    this 
cleavage  is  at  first-confined  to  the  neighborhood  of  the  embryo, 
but  gradually  spreads  over  the  whole  blastoderm. 
61 
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The  upper  of  these  two  layers  of  the  mesoblast  unites  with 
the  epiblast  to  make  the  somatopleure,  which  forms  the  body- 
walls  of  the  embryo  and  the  amnion.  The  lower  one  joins  the 
hypoblast  to  make  the  splanchnopleure,  which  forms  the  walls  of 
the  alimentary  canal,  of  the  allantois,  and  of  the  yolk-sac.  The 
space  intervening  between  these  layers  is  called  the  pleuro-peri- 
toneal  cavity.  The  cephalic  fold  is  an  upward  projection  of  the 
somatopleure  only,  and  the  same  is  the  case  with  the  lateral  and 
tail  folds.  These  folds  grow  upward  and  meet  over  the  back 
of  the  embryo.  Each  presents  two  epiblastic  surfaces,  one 
looking  toward  the  embryo  and  the  other  toward  the  vitelline 
membrane.  As  they  meet  over  the  back  of  the  embryo  the 
folds  become  fused,  the  membranes  looking  toward  the  embryo 
join  to  form  the  true  amnion,  whilst  those  next  the  vitelline 
membrane  unite  to  form  the  false  amnion,  which,  separating 
from  the  former,  retires  toward  the  vitelline  membrane,  with 
which  it  unites  to  form  the  chorion. 

The  true  amnion  then  is  a  sac  formed  of  an  outer  layer 
derived  from  the  mesoblast  and  an  inner  layer  derived  from 
the  epiblast.  The  false  amnion  likewise  consists  of  mesoblast 
and  epiblast  layers,  but  here  the  epiblast  is  external.  The  true 
amnion  is  continuous  with  the  skin  of  the  embryo,  and  when 
the  fetus  is  mature,  the  connection  may  be  traced  by  the  umbili- 
cal cord,  round  which  it  forms  a  sheath  continuous  with  the 
skin  at  the  umbilicus.  This  membranous  sac  enlarges,  and  in 
mammalia  eventually  becomes  the  large  bag  of  liquid  which 
contains  the  fetus.  The  amniotic  liquid  is  of  low  specific  gravity, 
consisting  mainly  of  water  containing  traces  of  nitrogenous 
matter,  albumin,  phosphates,  and  chlorids. 

This  fluid  preserves  the  child  from  the  effects  of  any  jolts  or 
jars  caused  by  the  movements  of  the  mother,  and  also  protects 
the  uterus  of  the  mother  by  acting  as  a  buffer  between  the  fetus 
and  the  uterine  wall.  Before  delivery  it  helps  to  dilate  the  os 
uteri,  so  that  when  the  amnion  is  ruptured  the  head  of  the  fetus 
occupies  the  opening  which  has  been  gradually  made  by  the  fluid 
wedge.  The  outer  part  of  the  amniotic  membrane,  derived 
from  the  mesoblast,  is  of  a  tougher  character  than  the  inner 
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epithelial  layer,  possesses  muscular  fiber,  and  is  capable  of  rhyth- 
mical contractions. 

(2)  The  Yolk-sac  is  that  part  of  the  blastoderm  which  envel- 
ops the  yolk.  After  the  mesoblast  has  split  into  two  layers, 
the  splanchnopleure  becomes  bent  inward  at  a  point  some  distance 
from  its  origin. 

By  this  curve  an  upper  constricted  canal  is  differentiated  from 
the  large  lower  cavity  (Fig.  246).  This  upper  canal  becomes 
eventually  the  alimentary  tract,  the  lower  cavity  is  the  yolk  sac, 
whilst  the  constricted  portion  leading  from  one  to  the  other  is 


Diagrammatic  Longitudinal  Section  of  a  Chick  on -the  Fourth  Day.    {Allen  Thomson.) 

epf  epiblast;  Ay,  hypoblast ;  j/»,  somatopleure  ;  vm,  splanchnopleure;  a/;  j^,  folds  of  the 
amnion ;  pp,  pleuro-peritoneal  cavity  ;  ant^  cavity  of  amnion ;  al,  allantois ;  a,  position 
of  the  future  anus ;  h,  heart ;  i,  intestine ;  vi,  vitelline  duct ;  ys,  yolk ;  s,  foregut ;  in, 
position  of  the  mouth ;  tne,  the  mesentery. 


the  canal  leading  from  the  intestine  to  the  yolk,  called  the  ductus 
vitello-intestinalis. 

At  first  the  splanchnopleure  incloses  only  the  upper  part  of 
the  yolk,  but  as  development  proceeds  it  grows  around,  and  at 
last  completely  encircles  it.  The  yolk  sac  is  thus  derived  from 
the  splanchnopleure,  and  is  therefore  lined  by  hypoblast.  In 
mammalia  the  yolk  sac  is  very  small. 

The  yolk  is  absorbed  and  carried  away  by  the  vessels  of  the 
splanchnopleure  for  the  general  nutrition  of  the  embryo.  Its 
covering  shrinks  in  size,  soon  becoming  small,  until  eventually 
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it  forms  but  a  shriveled  protrusion  from  the  intestine,  lying  in 
the  umbilical  cord. 

The  importance  of  the  yolk  sac  differs  largely  in  birds  and 
mammalia.  In  birds  it  is  developed  to  a  high  degree,  being 
the  seat  of  a  special  circulation,  to  carry  nourishment  from  the 
only  source  of  food  supply,  the  yolk.  The  vessels  are  called  the 
vitelline,  omphalo-mesenteric,  or  omphalo-meseraic  vessels. 

(3}  The  allantois,  or  urinary  vesicle,  in  the  chick  is  of  im- 
portance, as  the  vessels  developed  in  it  are  used  for  respiratory 
purposes,  being  spread  out  beneath  the  porous  shell.  In  the 
mammalian  embryo  it  is  still  more  important,  as  it  has  to  per- 
form the  double  function  of  respiration  and  nutrition.  The 
allantois  arises  at  the  tail  of  the  embryo,  as  a  budding  outward 
of  that  portion  of  the  splanchnopleure  which  forms  the  ventral 
wall  of  the  hinder  end  of  the  primitive  intestine  (Fig.  247).  It 
is  lined  by  hypoblast,  and  projects  into  the  pleuro-peritoneal 
cavity.  As  it  grows  it  extends  between  the  layers  of  the  true 
and  false  amnion,  growing  upward,  and  spreading  over  the 
dorsal  surface  of  the  embryo.  When  it  reaches  the  periphery  of 
the  ovum,  it  spreads  under  the  chorion  as  a  complete  lining, 
sending  processes  into  the  villi  of  that  membrane.  It  becomes 
chiefly  developed  at  that  part  of  the  chorion  which  is  opposite 
the  decidua  seroHna  of  the  mother.  In  the  mesoblastic  layer  of 
the  allantois  lie  the  blood-vessels  which  are  connected  with 
large  trunks,  proceeding  from  the  primitive  aortse  to  the  lower 
extremities.  They  become  the  important  umbilical  arteries 
which  will  be  further  described  when  treating  of  the  fetal 
placenta. 

As  the  fetus  becomes  developed,  the  cavity  of  the  allantois 
becomes  gradually  obliterated,  a  part  only  remaining  to  form 
the  urinary  bladder.  A  part  of  its  walls  forms  a  fibrous  cord, 
which  runs  from  the  apex  of  the  bladder  to  the  umbilicus,  and  is 
known  as  the  urachus. 

(4)  The  Chorion  consists  simply  of  the  zona  pellucida  or 
vitelline  membrane,  and  of  that  part  of  the  somatopleure  form- 
ing the  false  amnion.  The  chorion  at  first  is  a  smooth  mem- 
brane, but  villous  processes  early  grow  out  from  it,  projecting 
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into  the  decidua  serotina  and  reflexa.  These  villi  are  at  first 
developed  equally  around  the  ovum,  but  as  the  formation  of  the 
placenta  proceeds,  only  those  at  the  point  of  attachment  are 
further  developed  and  aid  in  the  formation  of  the  fetal  placenta. 
The  allantois,  when  it  has  spread  over  the  chorion,  becomes 
blended  with  this  membrane,  and  fills  the  villous  processes  with 
the  blood-vessels  it  contains. 

Fig.  248. 


'J!'-?-4^ 


Diagram  of  an  Embryo,  showing  the  relationship  of  the  vascular  allantois  to  the  villi  of  the 

chorion.    {Cadiat.) 
0,  lies  in  cavity  of  the  amnion  under  the  embryo ;  6^  yolk  sac ;  c,  allantois ;  d,  vessels  of 
the  allantois  dipping  into  the  villi  of  the  chorion ;  e^  chorion. 


The  Placenta. 
The  Placenta  is  essential  for  the  mammalian  embryo.  It  is 
necessary  that  animals  whose  ova  do  not  contain  larg^  stores  of 
food  should  provide  nutriment  including  oxygen  for  the  life  of 
their  embryo ;  it  is  by  means  of  the  placenta  that  this  is  brought 
about.  The  embryo  of  oviparous  animals  cannot  have  a  pla- 
centa, but  there  is  in  the  egg  a  large  store  of  highly  nutritious  al- 
buminous and  fatty  materials ;  the  shell  is  pervious  to  air,  and 
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the  chick's  blood  while  flowing  through  the  allantois  can  be 
oxidized  directly.  A  bird's  egg  contains  in  itself  all  the.neces- 
saries,  other  than  oxygen,  which  the  placenta  supplies,  and  when 


Fig.  249. 


Series  of  Diagrams  Representing  the  Relationship  of  the  Decidua  to  the  Ovum  at  Diflferent 
Periods.  The  decidua  are  colored  black,  and  the  ovum  is  shaded  transversely.  In  4 
and  5  the  vascular  processes  of  the  chorion  are  figured.    ( Copied/rom  Dalton.) 

If  ovum  entering  the  congested  mucous  membrane  of  the  fundus — decidua  serotina;  2.  de- 
cidua retlexa  growing  round  the  ovum  ;  3,  completion  of  the  decidua  around  the  ovum ; 
4,  general  growth  of  villi  of  the  chorion  ;  5,  special  growth  of  villi  at  placental  attach- 
ment, and  atrophy  of  the  rest. 


impregnated  only  requires  the  heat  of  the  mother's  body  to  de- 
velop into  a  chick. 

While  a  mammalian  ovum  is  in  the  Fallopian  tube,  the  mucous 
membrane  of  the  uterus  becomes  turgid,  and,  as  before  men- 
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tioned,  if  fecundation  does  not  occur,  is  cast  out  of  the  body. 
If  the  ovum  be  fecundated,  the  mucous  membrane  of  the  uterus 
not  only  becomes  turgid,  but  its  cells  proliferate,  and  consider- 
able thickening  of  the  tissue  takes  place.  The  mucous  mem- 
brane is  then  called  the  decidua.  When  the  ovum  reaches  the 
uterus  it  ordinarily  becomes  imbedded  in  that  part  of  the  de- 
cidua which  occupies  the  fundus  of  the  uterus.  The  decidua 
here  grows  excessively,  and  becomes  much  thickened,  and  on 
either  side  of  the  ovum  a  projection  is  sent  from  the  decidua 
which  meets  around  the  ovum  and  completely  encircles  it. 
(Fig.  249.) 

The  name  decidua  vera  is  given  to  the  membrane  lining  the 
general  cavity  of  the  uterus,  whilst  that  part  lining  the  fundus, 
to  which  the  ovum  is  attached,  is  called  the  decidua  serotina,  and 
its  processes  surrounding  the  ovum  receive  the  nanie  of  the 
decidua  reflexa. 

The  placenta  is  developed  from  two  sources,  one  arising  from 
the  membranes  of  the  fetus,  and  the  other  from  the  uterine  wall. 

Relation  of  the  Fetal  to  Maternal  Placenta. — The  maternal 
part  is  formed  from  the  decidua  serotina,  which  becomes  much 
thickened  and  very  vascular. 

The  fetal  placenta  is  formed  by  the  chorion  sending  out  a 
number  of  finger-like  processes,  villi,  into  the  decidua  serotina. 
As  these  villi  grow  they  receive  into  their  interior  corresponding 
processes  from  the  allantois,  the  external  mesoblastic  layer  of 
which  develops  a  plentiful  supply  of  capillaries. 

These  capillaries  are  fed  by  two  vessels,  the  placental  arteries, 
which  are  continuations  of  branches  from  the  dorsal  aorta  sup- 
plying the  hind  gut.  As  the  villi  grow  their  external  coat, 
formed  by  the  chorion,  becomes  progressively  thinner,  until 
when  the  villi  are  fully  developed  it  is  represented  only  by  a 
very  thin  layer  of  scaly  epithelial  cells. 

The  vessels  of  the  decidua  serotina  or  maternal  placenta  end 
in  large  sinuses  lined  by  endothelial  cells.  The  blood  is  carried 
to  these  sinuses  by  the  uterine  arteries,  and  from  them  by  the 
uterine  veins.  The  inlets  from  the  arteries  to  the  sinuses  are 
provided  with  unstriped  muscular  tissue,  which  on  contracting 
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can  shut  out  the  blood.  The  villi  of  the  fetal  placenta,  dipping 
into  these  uterine  sinuses,  are  covered  with  a  single  layer  of 
thin,  scaly  cells.  The  fetal  blood  is  distributed  over  the  walls 
of  the  villi  in  a  fine  network  of  capillaries,  and  is  only  separated 
from  the   maternal  blood  by  the  walls  of  the  capillaries  and 

Fig.  250. 


Antero-posterior  Section  through  a  Gravid  Uterus  and  Ovum    of  Five  Weeks    (semi- 

'  diagrammatic).    {Alien  Thomson.) 
u,  anterior  wall  of  uterus ;  /,  posterior  wall  of  uterus ;   ?«,  muscle  substance ;  g,  glandular 

layer;   jj,  decidua  serotina;   r,  decidua  reflexa ;   z',  decidua  vera;  f>i|  chorion;  ««, 

uterine  cavity ;  c^  cavity  of  the  cervix,        ^ 


these  thin  cells.  Thus  the  interchange  of  nutrient  materials 
and  gas  is  facilitated.  This  arrangement  is  somewhat  similar 
to  that  of  the  lung  alveoli,  where  the  blood  is  separated  from 
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the  air,  with  which  it  interchanges  gase?  by  the  capillary  wall 
and  the  cells  of  the  lung  alveolus. 

The  nutrient  materials  from  the  maternal  blood  and  oxygen 
diffuse  through  the  walls  of  the  fetal  capillaries.  The  effete 
matters,  on  the  other  hand,  pass  from  the  capillaries  to  the 


xa^. 


Diagram  of  the  Circulation  of  a  Chick  at  the  End  of  the  Third  Day.    (Fasier  and  Bal/iour.) 

I/,  heart ;  AA^  aortic  arches  (2d,  3d,  4th)  ;  Ao,  dorsal  aorta  ;  L.  of  i?.,  R.  of  Ay  right  and 

left  omphalo-mesenteric  arteries ;  S.  Ty  sinus  terminalis ;  R.  of  and  L,  of,  right  and 

left  omphalo-mesenteric  veins ;    S.  f,  sinus  venosus ;   D.  C,  duct  of  Cuvier ;   5.  Ca, 

and  V.  Cay  superior  and  inferior  cardinal  vein^. 


blood  in  the  uterine  sinuses.  The  placenta  increases  with  the 
growth  of  the  fetus  till  shortly  before  birth,  when  it  is  said  to 
undergo  a  certain  amount  of  degeneration.     In  man  it  is  cast 
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out  of  the  uterus,  after  the  expulsion  of  the  fetus,  with  the 
membranes  attached  to  it.  It  is,  however,  only  the  superficial 
layer  of  the  maternal  placenta  (the  part  intimately  connected 
with  the  fetal  placenta)  that  is  cast  off,  the  deeper  layer 
remaining  in  the  uterus  and  undergoing  various  changes 
during  the  reduction  of  this  organ  to  its  normal  size. 

Though  the  capillaries  of  the  fetus  are  in  such  close  relation 
to  the  blood  of  the  mother,  it  must  be  distinctly  understood 
that  there  is  no  direct  communication  between  the  vessels  of 
the  fetus  and  those  of  the  mother,  and  therefore  it  is  not 
possible  to  inject  the  vessels  of  the  mother  through  those 
of  the  fetus,  or  vice  versa. 

After  the  fetus  has  been  expelled  from  the  uterus  its  cavity 
is  so  small,  and  the  placental  site  so  retracted,  that  the  vessels 
entering  it  are  pressed  upon  and  occluded  by  the  firm  con- 
traction of  the  uterine  muscle.  The  uterine  blood  is  thus 
normally  prevented  from  escaping  after  parturition,  and  from 
causing  the  severe  hemorrhage  which  sometimes  proves  fatal. 

The  uses  of  the  placenta  may  be  briefly  summed  up  as — 

1.  Nutrition. — It  supplies  the  place  of  the  organs  of  diges- 
tion by  providing  the  fetal  blood  with  all  necessary  nutritive 
material. 

2.  Respiration. — It  performs  the  function  of  the  lungs,  the 
fetal  blood  receiving  oxygen  from  the  blood  of  the  mother,  to 
which  it  gives  up  its  COj. 

3.  Excretiofi. — It  does  duty  for  the  kidneys,  removing  the 
urea,  etc.,  from  the  fetal  blood. 

Embryonic  Circulation. 

The  many  interesting  changes  which  result  in  the  formation  of 
the  circulatory  system  must  be  sought  in  text-books  treating  of 
development.     A  short  sketch  may  be  useful  here. 

The  primitive  circulations  of  a  human  embryo  maybe  divided 
into  two  phases,  which  differ  in  their  time  of  appearance  and  in 
the  accessory  organs  to  which  they  are  distributed.  Though  they 
may,  for  the  sake  of  clearness,  be  described  as  two  independent 
circulations,  they  are  not  strictly  so,  as  they  exist  for  a  short  time 
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coincidently,  and  arise  in  connection  with  one  another  from  the 
same  heart. 

(a)  The  earlier  or  vitelline  circulation  is  that  which  surrounds 
the  yolk  sac,  while  the  embryo  obtains  nourishment  from  the 
yolk.  This  is  an  organ  of  quite  secondary  importance  in  the 
mammalian  embryo ;  hence  this  circulation  may  be  better 
studied  in  the  chick,  which  depends,  throughout  its  embryonic 
life,  on  the  vitellus  for  nourishment.     In  the  human  embryo 

Fig.  252. 


Diagrams  Showing  tlie  Formation  of  the  Vitelline  to  the  Placental  Circulation.  The  figure 
on  the  left  snows  the  vitelline  vessels  (omphalo-mesenteric)  in  connection  with  the 
heart;  in  that  on  the  right  these  vessels  are  ohliterated  and  the  placental  circulation  is 

\  I    established  through  the  hypogastric  arteries.    {After  DaUon.) 


the  vitelline  circulation  is  chiefly  of  importance  for  the  short 
time  immediately  preceding  the  development  of  the  placental 
circulation. 

The  aortic  bulb  is  continuous  with  two  vessels  which  run  on 
either  side  of  the  primitive  pharynx ;  these  are  the  aortse,  and 
from  each  of  them  a  large  branch  is  given  off". ,  These  omphalo- 
mesenteric arteries  pass  to  the  yolk  sac,  and  there  become  split 
up  into  a  number  of  small  vessels,  the  blood  from  them  being 
returned  partly  by  corresponding  omphalo-mesenteric  veins, 
partly  by  a  large  vein  running  round  the  periphery  of  the  vascular 
area  known  as  the  sinus  terminalis.     The  sinus  terminalis  opens 


730  MANUAL  OF  PHYSIOLOGY. 

partly  into  the  right  and  partly  into  the  left  omphalo-mesenteric 
veins,  which  subsequently  unite  into  a  common  venous  trunk, 
called  the  sinUs  venosus,  which  is  continuous  with  the  primitive 
auricle. 

This  vitelline  circulation  in  the  human  embryo  becomes 
obliterated  after  the  fifth  or  sixth  week  of  fetal  life,  the  yolk 
then  being  absorbed,  and  the  placental  circulation  well  devel- 
oped. 

(*)  The  later,  or  placental  circulation  (Fig.  248),  is  developed 
in  the  mesoblastic  layer  of  the  allantois,  especially  in  that  part 
which  is  in  relation  with  the  decidua  serotina.  The  allantois, 
when  fully  developed,  extends  to  the  chorion,  over  which  it 
spreads,  sending  in  processes  to  occupy  the  villi.  These  villi  of 
the  chorion  are  imbedded  in  the  decidua  of  the  uterus,  and  are 
especially  developed  at  the  upper  part,  where  by  fusion  with  the 
decidua  serotina  the  placenta  is  formed. 

The  primitive  aortse,  at  first  two  tubes,  become  united  in  the 
dorsal  region  of  the  embryo,  so  that  the  two  aortic  arches  end  in 
a  single  vessel,  which  extends  to  the  middle  of  the  embryo,  and 
there  divides  into  two  branches,  each  of  which,  in  the  earliest 
stage  of  the  embryo,  gives  off  a  vitelline  or  omphalo-mesenteric 
artery.  These  vessels  decrease  in  size  as  the  placenta  is  devel- 
oped and  in  importance  give  place  to  the  allantoic  vessels. 

From  the  further  branches  of  the  aortse  arise  two  large  vessels, 
hypogastric  arteries,  which  run  to  the  allantois,  and  spread  out 
under  the  chorion,  being  especially  directed  to  the  upper  part  of 
this  membrane.  These  form  the  umbilical  arteries,  already 
alluded  to  in  speaking  of  the  allantois,  which  carry  the  blood 
from  the  aortas  to  the  fetal  placenta. 

Veins  arise  from  the  terminal  networks  of  these  arteries,  and 
combine  at  first  to  form  the  two  umbilical  veins.  But  the  venous 
trunks  of  the  vitelline  and  allantoic  circulation  do  not  remain 
distinct,  like  the  arteries.  The  umbilical  veins  convey  the  blood 
to  the  venous  trunk  formed  by  the  junction  of  the  omphalo- 
mesenteric veins. 

After  a  time  the  right  umbilical  and  right  omphalo-mesenteric 
veins  disappear,  and  a  trunk  is  formed  by  the  junction  of  the  left 


PLACENTAL  CIRCULATION. 


731 


umbilical  and  left  omphalo^mesenteric  veins  which  persists  as 
the  single  umbilical  vein.  From  this  branches  are  given  off  to 
the  liver  {vena  advehentes),  and  at  a  point  nearer  the  heart 
vessels  are  received  from  the  liver  (jvence  revehentes). 

To  the  part  of  the  vessel  intervening  between  the  origin  of  the 
venae  advehentes  and  the  entrance  of  the  venae  revehentes  is 
given  the  name  of  the  ductus  venosus. 

Fig.  253. 


Diagram  of  the  Vascular  System  of  a  Human  Embryo.  (Huxley^ 
H,  heart ;  T.Af  aortic  trunk  :  c,  common  carotid  artery ;  c',  external  carotid  artery ;  c", 
internal  carotid  artery:  s,  subclavian  artery;  v,  vertebral  artery;  1,2,  3,  4,  5,  aortic 
arches ;  A^,  dorsal  aorta ;  i,  omphalo-mesenteric  artery ;  d.v^  vitelline  duct ;  y,  om- 
phalo-mesenteric  vein;  z/,  umbilical  vesicle:  z/./, portal  vein;  Z,  liver;  z^.m, umbilical 
arteries ;  u"  u"^  their  endings  in  the  placenta ;  u\  umbilical  vein ;  D,v,  ductus 
venosus ;  v.h,  hepatic  vein ;  c.z»,  inferior  vena  cava ;  v.il,  iliac  veins ;  «,z,  vena 
azygos  ;  z/.r,  posterior  cardinal  vein ;  Z>. C,  duct  of  Cuvier ;  /•,  lungs. 


Thus  it  may  be  seen  that  in  the  placental  circulation  the  blood 
is  conveyed  from  the  aorta,  by  the  umbilical  arteries,  to  the 
fetal  placenta,  where  it  is  in  close  relationship  to  the  blood  of 
the  maternal  placenta.     From  the  placenta  it  is  returned  by  the 
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umbilical  vein,  which  sends  a  part  through  the  liver  and  a  part 
direct  to  the  heart.  ^ 

Fetal  Circulation. — The  course  taken  by  the  blood  through 
the  heart  and  vessels  of  the  growing  fetus  requires  special  men- 
tion. 

Tracing  the  blood  from  the  placenta,  it  passes  along  the  um- 
bilical vein  toward  the  liver;  here  it  may  take  either _ of  two 
courses  to  reach  the  vena  cava,,  one  which  follows  the  ductus 
venosus  and  avoids  the  liver,  the  other  which  passes  by  the  venae 
advehentes  (portal  veins)  to  the  liver,  and  proceeds  by  the  vena 
revehentes  (hepatic  veins)  to  the  inferior  vena  cava,  which 
receives  all  the  blood  passing  by  both  of  these  channels.  From 
this  the  blood  is  emptied  into  the  right  auricle,  and  hence  is 
guided  by  the  Eustachian  valve  through  the  septum,  by  the 
patent  foramen  ovale  to  the  left  auricle.  From  the  left  auricle  it 
passes  to  the  left  ventricle,  which  contracts  and  sends  the  blood 
into  the  aortic  arch,  where  it  is  more  or  less  split  up  into  two 
streams,  one  of  which  passes  into  the  vessels  of  the  head  and  neck, 
the  other  by  the  descending  aorta  to  the  trunk  and  lower 
extremities. 

The  blood  from  the  head  and  neck  is  returned  to  the  right 
auricle  by  the  superior  vena  cava.  The  blood  from  this  vein 
passes  through  the  auricle  to  the  right  ventricle,  which  sends  it 
through  the  pulmonary  artery  toward  the  lungs. 

The  pulmonary  artery,  in  the  embryo,  has  one  very  large 
branch,  called  the  ductus  arteriosus,  which  joins  the  aorta  at  a 
point  just  below  the  origin  of  the  vessels  of  the  head  and  neck ; 
hence  the  main  part  of  the  blood  passing  from  the  right  ven- 
tricle reaches  the  aorta  by  the  ductus  arteriosus,  and  only  a  very 
small  part  goes  to  the  lungs,  to  be  returned  from  them  by  the 
pulmonary  veins  to  the  left  auricle. 

The  blood  from  the  ductus  arteriosus  blends,  therefore,  with 
that  in  the  aorta  which  is  passing  to  the  viscera  and  lower 
extremities.  The  main  part  of  this  blood  travels  by  the  two 
large  branches  of  the  aorta,  the  hypogastric  arteries,  to  the 
placenta,  where  it  is  aerated  and  purified,  etc. 

The  placenta  being  the  great  renovating  organ  of  the  blood  of 
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the  fetus,  it  follows  that  the  blood  in  the  umbilical  vein  is  the 
most  arterial  in  the  fetal  circulation.  The  blood  in  all  the 
other  fetal  vessels  is  more  or  less  mixed.  That  passing  through 
the  right  to  the  left  auricle,  being  a  mixture  of  placental  blood 

Fig.  =54. 


Diagram  Illustrating  the  Circutlation  Through  the  Heart  and  the  Principal  Vessels  of  a 
Fetus.    (Cleland.) 
a,  umbilical  vein ;  b,  ductus  venosus ;  /,  portal  vein  ;  e,  vessels  to  the  viscera ;  d,  hypogas 
trie  arteries  ;  Cf  ductus  arteriosus. 


and  of  that  in  the  ascending  vena  cava,  is  fairly  arterial.     This 

.  proceeds  thence  to  the  first  part  of  the  aorta.     But  the  blood  in 

the  descending  aorta  is  relatively  impure,  as  it  mainly  contains 
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blood  which  has  visited  the  head  and  neck,  some  of  which  had 
previously  passed  through  the  lower  extremities. 

As  the  fetal  lungs  are  not  called  into  play  until  after  birth, 
but  little  blood  passes  to  them  in  the  fetus ;  this  state  of  things 
is,  however,  completely  altered  at  birth,  when  the  lungs  of  the 
child  expand,  the  pulmonary  arteries  increase  in  size,  and  the 
ductus  arteriosus  dwindles  in  a  corresponding  degree. 
'  The  liver,  which  in  the  fetus  is  of  relatively  greater  size  than 
in  the  adult,  receives  much  blood  coming  from  the  placenta  to 
the  heart,  and  is  thought  to  contribute. to  it  several  essential 
constituents. 

The  head  and  brain,  which  are  largely  developed  in  the  fetus, 
receive  pure,  nutrient  blood,  composed  chiefly  of  placental 
blood  which  has  passed  through  the  liver,  with  a  small  quantity 
of  blood  returning  from  the  lower  limbs.  The  rest  of  the  fetus 
receives  blood  that  is  less  arterial,  as  it  is  mixed  with  that  which 
is  returned  from  the  head  and  neck  to  the  right  side  of  the  heart, 
and  which  is  sent  through  the  ductus  arteriosus  to  join  the  gen- 
eral blood  current  in  the  aorta  going  to  the  viscera,  lower  ex- 
tremities, and  placenta. 
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Aberration.  Deviation  of  rays  of  light  owing  to  their  unequal  refraction  in 
passing  through  a  lens. 

Abscissa.  The  line  forming  the  basis  of  measurement  of  graphic  records, 
along  which  the  time  measurement  is  usually  made. 

Accommodation.  Focusing  the  eye  for  different  distances;  it  is  effected 
by  the  lens  becoming  more  convex  for  near  objects,  owing  to  the  ciliary 
muscle  drawing  forward  its  choroidal  attachment  and  relaxing  the  sus- 
pensory ligament. 

Acinous  glands.  Secreting  organs  composed  of  small  saccules  filled  with 
glandular  epithelium  connected  with  the  twigs  of  a  branched  duct. 

Adenoid  tissue.  A  delicate  feltwork  of  reticular  tissue  containing  lymph 
corpuscles  (Lymphoid  tissue). 

Adequate  stimulus.  The  particular  form  of  stimulus  which  excites  the 
nerve  endings  of  a  special  sense  organ. 

Afferent  nerves.  Those  bearing  impulses  to  the  nervous  centers  from  the 
periphery  to  excite  reflex  actions  or  stimulate  the  sensorium. 

Agminate  glands.  A  name  applied  to  the  lymph  follicles  occurring  in 
groups  in  the  lower  part  of  the  small  intestine. 

Albumins.  A  term  derived  from  the  Latin  for  white  of  egg  {albumen), 
denoting  a  group  of  complex  chemical  substances  obtained  from  ova,  blood 
plasma,  and  many  tissues  of  animals  and  plants. 

Albuminoids.  A  class  of  nitrogenous  substances  allied  to  the  albumins  in 
composition,  but  differing  from  them  in  many  important  respects. 

Albumose.     The  proteose  derivable  from  albumin. 

AUantois.  A  vascular  outgrowth  from  the  embryo;  in  mammals  it  helps  to 
form  the  placenta,  and  in  the  chick  becomes  the  respiratory  organ. 

Alveoli.  The  term  used  to  denote  small  cavities  found  in  many  parts,  such 
as  the  air  spaces  of  the  lungs. 

Amnion.  The  membranous  sac  which  grows  around  the  embryo  and  in- 
closes the  fetus,  etc.,  during  its  development. 

Ameba.  A  unicellular  organism  consisting  of  a  nucleated  mass  of  proto- 
plasm. 

Amorphous.  Without  definite  or  regular  form ;  the  opposite  of  crystal- 
line. 

Ampulla.     A  dilatation  on  the  semicircular  canals  of  the  ear. 

Amylolytic.  Relating  to  the  conversion  of  starch  into  dextrine  and  grape 
sugar. 

Amylopsin.  A  ferment  in  the  pancreatic  juice,  which  converts  starch  into 
sugar. 

Anabolic.  A  chemical  change  of  constructive  tendency  taking  place  in  the 
cells  of  the  tissues  during  their  functional  inactivity. 

Analgesia.  A  condition  of  the  nervous  centers  in  which  pain  cannot  be  felt, 
but  tactile  and  other  sensations  remain  unimpaired. 
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Analysis.    A  separation  into  component  parts ;  the  splitting  up  of  a  chemical 

compound  into  its  constituents. 
Anastomoses.     The  direct  union  of  blood-vessels  without  the  intervention 

of  a  capillary  network. 
Anelectrotonus.     An  electric  condition  of  a  nerve,  resulting  from  the  pas- 
sage of  a  current  through  a  part  of  it ;  it  is  confined  to  the  region  of  the 

positive  pole. 
Anode.     The  positive  pole  or  electrode — i.e.,  the  pole  by  which  the  electric 

current  enters. 
Apnea.     A  state  of  cessation  of  the  breathing  movements  from  non-excita- 
tion or  inhibition  of  the  respiratory  nerve  center. 
Area  opaca.     The  outer  zone  of  the  part  of  the  blastoderm  from  which  the 

fetal  membranes  are  developed. 
Area  pellucida.     The  central  spot  of  the  part  of  the  blastoderm  from  which 

the  embryo  chick  is  developed 
Arteriole.     A  small  artery ;  usually  applied  to  those  vessels  the  walls  of  which 

are  largely  composed  of  muscle  tissue. 
Arthroses.     Movable  joints  having  a  synovial  membrane. 
Asphyxia.     Literally,  cessation  of  the  pulse,  such  as  occurs  from  interruption 

of  respiration,  now  used  as  synonymous  with  suffocation. 
Assimilation.     The  chemical  combination  of  new  material  (nutriment)  with 

living  tissues.     Power  to  assimilate  forms  the  most  characteristic  property  of 

living  matter. 
Astigmatism.     Unevenness  of  the  refracting   surfaces  of  the  eye;    when 

engaging  the  entire  cornea  it  is  called  "  regular,"  and  affecting  a  local  part, 

"  irregular  "  astigmatism. 
Atoms.     The  ultimate  indivisible  particles  of  matter. 
Atrophy.     A  wasting  from  insufficient  nutrition. 
Automatic.     Self-moving — ;.  e.,  acting  without  extrinsic  aid ;  a  term  applied 

to  the  independent  activity  of  certain  tissues  (such  as  the  nerve  centers)  the 

exciting  energies  of  which  are  not  readily  determined. 
Axis  cylinder.     The  essential  conducting  part  of  a  nerve  fiber,  composed  of 

fine  strands  of  protoplasm. 


Bacteria.     A  class  of  minute  fungi  occurring  in  decomposing  animal  or  vege- 
table substances. 
Bilirubin.     The  red  coloring  matter  of  the  bile  of  man  and  carnivora. 
Biliverdin.     The  greenish  coloring  matter  of  the  bile  of  herbivorous  animals. 
Binocular.     Pertaining  to  vision  with  two  eyes.     A  combination  of  the  effect 

of  two  retinal  impressions  by  means  of  which  the  appearance  of  dislanee 

and  solidity  are  arrived  at. 
Biology.     The  science  of  life,  including  morphology  and  physiology. 
Blastoderm.     The  primitive  cellular  membrane  formed  by  the  segmentation 

of  the  ovum,  in  a  part  of  which  the  embryo  is  developed. 
Blood  pressure.     The  force  exercised  by  the  blood  against  the  walls  of  the 

vessels.     It  is  very  great  in  the  arteries,  and  therefore  causes  a  constant 

stream  through  the  capillaries  to  the  veins. 
Bulb.     The  part  of  the  central  nervous  axis  between  the  brain  and  the  spinal 

cord. 


Canaliculi.     Minute  channels  connecting  the  small  cell  spaces  or  lacuns  of 
bone,  and  containing  protoplasmic  filaments  uniting  the  neighboring  cells. 
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Carbohydrates.  Compounds  of  carbon,  hydrogen,  and  oxygen,  in  which 
the  oxygen  and  hydrogen  exist  in  the  proportions  requisite  to  form  water. 

Cardiograph.  An  instrument  by  means  of  which  the  heart's  impulse  is  trans- 
mitted, through  an  air  tube,  from  a  tambour  on  the  chest  wall  to  another 
which  makes  a  record  on  a  moving  surface  by  means  of  a  lever. 

Catelectrotonus.  An  electric  state  of  nerve  in  the  region  where  the  current 
leaves  the  nerve,  i.  e.,  near  the  negative  pole. 

Caseinogen.     A  proteid  of  milk  readily  converted  into  casein. 

Cathode.  The  negative  pole  or  electrode — i.  e.,  the  pole  by  which  the 
electric  current  leaves. 

Cellulose.     The  substance  of  which  vegetable  cell-walls  are  formed. 

Centrifugal.     A  term  given  to  the  impulses  carried  by  efferent  nerves. 

Centripetal.     A  term  given  to  the  impulses  carried  by  afferent  nerves. 

Cerebral  vesicles.  Primitive  swellings  on  the  primary  neural  tube  of  the 
early  embryo  which  develop  into  the  brain. 

Chemical  elements.  Substances  which  cannot  be  split  up  into  components, 
and  therefore  are  regarded  as  simple. 

Chlorophyll.  The  green  coloring  matter  of  the  cells  of  plants.  It  is  sup- 
posed to  be  the  agent  which,  under  the  influence  of  light,  decomposes  carbon 
dioxid  and  water  to  form  the  cellulose  and  starch  of  the  plant. 

Cholesterin.  A  substance  occurring  in  the  bile,  white  matter  of  the  brain 
and  spinal  cord,  and  in  small  quantities  in  many  other  tissues.  Chemically 
it  is  a  monatomic  alcohol. 

Chorda  dorsalis.     The  precursor  of  the  vertebral  column  of  the  embryo. 

Chorion.  The  outer  layer  of  the  membranes  of  the  ovum,  part  of  which 
becomes  vascular  and  helps  to  form  the  placenta. 

Choroid,     The  vascular  coat  of  the  eyeball. 

Chromatic  aberration.  The  alteration  of  white  light  into  prismatic  colors 
during  its  passage  through  a  lens. 

Chyle.     The  fluid  absorbed  from  the  small  intestines  by  the  lacteals. 

Chyme.     The  fluid  formed  by  gastric  digestion. 

Cilia.  Minute  vibratile  processes  which  occur  on  the  surface  cells  of  the 
respiratory  and  many  other  epithelial  membranes. 

Circumvallate.  Large  papillae  situated  at  the  back  of  the  tongue.  They 
are  surrounded  by  a  fossa  in  the  walls  of  which  lie  taste  buds. 

Cloaca.  The  opening  common  to  the  genito-urinary  organs  into  the  primi- 
tive hind  gut  of  the  embryo.     The  cloaca  persists  in  birds. 

Colloid.  That  condition  of  quasi-dissolved  matter  in  which  it  will  not  diffuse 
through  a  membrane  such  as  parchment.     The  opposite  of  crystalloid. 

Colostrum.     The  first  milk  secreted  after  delivery. 

Coordination.  The  adjustment  of  separate  actions  for  a  definite  result,  as 
when  the  nerve  centers  cause  various  distinct  muscles  to  act  together  and 
produce  complex  movements. 

Curara.  A  poison  causing  motor  paralysis  by  impairing  the  function  of  the 
nerve  terminals. 

Cytod.     A  living  protoplasmic  unit  which  has  no  nucleus. 

Decidua  reflexa.    The  outgrowth  of  the  uterine  mucous  membrane  which 

surrounds  the  ovum. 
Decidua  serotina.     That  part  of  the  modified  mucous  membrane  of  the 

uterus  in  which  the  fecundated  ovum  is  lodged. 
Decidua  vera.     The  altered  mucous  membrane  of  the  uterus,  which  lines 

that  organ  during  gestation. 
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Deglutition.    The  act  of  swallowing. 

Desquamation.  The  term  used  to  denote  the  casting  oflf  of  the  outer  layer 
of  the  skin. 

Dialysis.  The  diffusion  of  soluble  crystalloid  substances  through  membranes 
such  as  parchment. 

Diastole.     The  period  of  relaxation  and  rest  of  the  heart's  muscle. 

Diastatic.     Those  ferments  which  produce  hydrolysis. 

Dicrotic.  The  double  wave  of  the  arterial  pulse.  The  dicrotic  wave  is  seen 
on  the  descending  part  of  the  pulse  curve. 

Dioptric  media.  Transparent  bodies,  such  as  those  parts  of  the  eye  which 
so  refract  the  light  that  images  come  to  a  focus  on  the  retina. 

Discus  proligerus.  Part  of  the  granular  layer  of  the  Graafian  follicle  sur- 
rounding the  ovum. 

Distal.     A  term  used  to  denote  a  part  relatively  far  from  the  center. 

Ductus  arteriosus.  A  short  bond  of  union  between  the  pulmonary  artery 
and  the  aorta,  which  in  the  fetus  carries  blood  from  the  right  side  of  the 
heart  into  the  aorta. 

Ductus  venosus.  A  vessel  which,  in  the  fetus,  carries  blood  from  the  um- 
bilical vein  to  the  vena  cava.     After  birth  it  becomes  a  fibrous  cord. 

Ductus  vitello-intestinalis.  The  union  between  the  yolk  sac  and  the 
intestine  of  the  embryo. 

Dyspnea.  Difficulty  of  breathing ;  a  condition  in  which  inordinate  respira- 
tory movements  are  excited  by  an  unusually  venous  state  of  the  blood  in  the 
respiratory  nerve  center. 

Ectoderm.     The  outer  layer  of  simple  organisms. 

Ectosarc.     The  outer  layer  or  covering  of  certain  unicellular  organisms. 

Electrodes.  The  terminals  which  are  applied  to  a  substance  in  order  to 
complete  the  circuit  in  passing  a  current  through  it. 

Electrotonus.  A  peculiar  electric  state  of  nerves  resulting  from  the  passage 
of  a  continuous  current  through  them. 

Embryo.  The  name  given  to  the  animal  at  the  earliest  period  of  its  develop- 
ment. 

Emmetropic.  A  term  applied  to  the  normal  eye,  in  which  parallel  rays  of 
light  are  brought  to  a  focus  at  the  retina  without  accommodation. 

Emulsification.  The  suspension  of  very  fine  particles  in  a  liquid  unable 
to  dissolve  them. 

Endoderm.     The  inner  layer  of  simple  organisms. 

Endogenous  reproduction.  The  formation  of  new  cells  or  organisms 
within  the  body  of  the  parent  individual. 

Endolymph.  The  liquid  contained  within  the  membranous  labyrinth  of  the 
ear. 

Endosarc.     The  inner  layer  of  certain  unicellular  organisms. 

Endosmosis.     The  diffiision  of  a  fluid  into  a  texture. 

Endothelium.  The  single  layer  of  thin  cells  lining  the  serous  cavities, 
lymphatic  and  blood-vessels,  and  all  spaces  in  the  connective  tissues  (meso- 
blastic  lining  cells). 

Epiblast.  The  uppermost  of  the  three  layers  of  the  blastoderm,  from  which 
are  developed  the  epidermis  and  the  nerve-centers. 

Epithelium.  The  non-vascular  cellular  tissue  developed  from  the  epi-  and 
hypoblast  of  the  blastoderm. 

Eupnea.  A  term  used  to  denote  the  normal  rhythm  of  respiratory  move- 
ments in  contradistinction  to  dyspnea  and  apnea. 
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Excito-motor.     Impulses  which,  reflexly,  call  forth  motion. 
Excito-secretory.     Impulses  calling  forth  the  activity  of  gland  cells,  com- 
monly applied  to  afferent  influences  which  act  reflexly. 

Fetus.     The  fully  formed  embryo  while  in  the  uterus  or  egg. 

Fibrin.  An  insoluble  form  of  proteid  formed  on  elastic  threads  on  the  coagu- 
lation of  the  blood  plasma,  etc. 

Fibrinogen.  A  form  of  globulin  obtainable  from  serous  fluids,  which,  on 
being  added  to  a  liquid  containing  a  certain  ferment  and  a  calcium  salt,  gives 
rise  to  the  formation  of  fibrin. 

Fibroplastin.  A  term  applied  by  A.  Schmidt  to  paraglobulin  or  serum- 
globulin  on  account  of  its  supposed  influence  in  producing  fibrin. 

Filiform.  A  name  given  to  a  class  of  papillae  of  the  tongue,  the  points  of 
which  taper  off  to  a  thread. 

Fovea  centralis.     The  depression  in  the  center  of  the  macula  lutea. 

Fungiform.     A  class  of  papillse  of  the  tongue  shaped  like  a  toadstool. 

Galvanometer.  An  instrument  for  measuring  the  direction  and  strength  of 
electric  currents  by  means  of  the  deflection  of  a  magnetic  needle. 

Ganglion.  A  swelling.  Chiefly  used  to  denote  swellings  on  nerves  contain- 
ing nerve  corpuscles.     Hence  any  group  or  mass  of  nerve  cells. 

Gastrula.  A  stage  in  the  development  of  animals  in  which  they  consist  of  a 
small  sac  composed  of  two  layers  of  cells. 

Gemmation.  Budding — a  process  of  reproduction  in  which  a  bud  forms  on 
the  parent  organism,  and  finally  separates  as  a  distinct  being. 

Globulin.  A  form  of  albumin  insoluble  in  pure  water  but  soluble  in  weak 
solutions  of  common  salt. 

Glomerulus.  A  bundle  of  capillary  loops  which  form  part  of  the  Mal- 
pighian  body  of  the  kidney. 

Glycocholic  acid.  An  acid  existing  in  large  quantities  combined  with  soda 
in  the  bile  of  man. 

Glycogen.  Animal  starch;  a  substance  belonging  to  the  carbohydrates, 
which  is  made  in  the  liver.  It  may  be  readily  converted  into  grape  sugar — 
from  which  fact  it  derives  its  name. 

Gustatory.     Pertaining  to  the  sense  of  taste. 

Hematin.  A  dark-red  amorphous  body  containing  iron;  obtained  from  the 
decomposition  of  the  coloring  matter  of  the  blood  (hemoglobin). 

Hematoidin.  A  substance  found  in  old  blood  clots,  as  crystals,  which  can- 
not be  artificially  prepared. 

Hematoin,  or  Hematoporphyrin.  Iron-free  hematin  prepared  with  strong 
acetic  acid. 

Hemin.  Hydrochlorate  of  hematin ;  easily  obtained,  as  small,  dark  brown 
crystals,  by  boiling  blood  to  which  some  common  salt  and  glacial  acetic  acid 
have  been  added. 

Hemochromogen.  Unoxidized  hematin,  the  first  outcome  of  the  decom- 
position of  hemoglobin. 

Hemoglobin.     Reduced  oxyhemoglobin. 

Holoblastic.  The  form  of  ovum  the  entire  yolk  of  which  enters  into  the 
process  of  segmentation. 

Homeothermic.  Even  temperatured — a  term  applied  to  those'  animals  that 
keep  up  a  regular  temperature,  independent  of  their  surroundings — warm- 
blooded animals. 
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Hyaloid.     Glass-like;  a  name  given  to  the  delicate  membrane  inclosing  the 

vitreous  humor. 
Hydrocarbons.     Compounds  of  carbon  and  hydrogen. 
Hypermetropia.     The  condition  in  which  the  focus  of  parallel  rays  of  light 

lies  beyond  the  retina  ;  also  called  long  sight. 
Hypertrophy.     Increased  growth  from  excessive  nutrition. 
Hypoblast.     The  undermost  of  the  layers  of  the  blastoderm,  from  which  the 

pulmonary  and  alimentary  tracts  and  their  glands  are  formed. 

Infusoria.     A  name  given  to  a  large  class  of   simple  organisms  whicli  are 

found  in  dirty  water. 
Inhibition.     A  checking  or  preventive  action  exercised  by  some  nervous 

mechanisms  over  nerve  corpuscles  and  other  active  tissues. 
Inosit.     A  sugar  peculiar  to  muscle. 
Irradiation.     The  phenomenon  that  bright  objects  appear  larger  than  they 

really  are.     It  is  due  to  the  extension  of  the  eflect  to  those  parts  of  the 

retina  immediately  adjacent  to  where  the  light  rays  impinge. 

Karyokinesis.     A  series   of  changes  occurring  in  the  arrangement  of  the 

nuclear  network  prior  to  the  division  of  the  protoplasm  of  cells. 
Katabolic.     A  chemical  change  of  destructive  tendency  taking  place  in  the 

cells  of  the  tissues  during  the  liberation  of  the  energy  associated  with  their 

functional  activity. 
Keratin.     The  characteristic  chemical  constituent  of  the  horny  layer  of  the 

skin  and  epidermal  appendages. 
Kymograph.     An  instrument  used  for  recording  graphically  the  undulations 

of  blood  pressure,  measured  directly  from  a  blood- vessel  by  means  of  a 

manometer. 

Lachrymal.     Pertaining  to  the  secretion  of  tears. 

Lacunae.     Small  spaces  in  the  substance  of  bone  tissue,  occupied  during  life 

by  the  bone  cells.     They  appear  black  in  sections  of  dry  bone,  owing  to 

their  containing  air,  which  replaces  the  shriveled  cells. 
Latency,  or  Latent  period.     The  time  that  elapses  between  the  moment  of 

stimulation  and  the  response  given  by  an  active  tissue. 
Leucin.     This  is  a  common  product  of  the  decomposition  of  proteids.     It  is 

formed  in  the  later  stages  of  pancreatic  digestion. 
Leucocytes.     A  term  applied  to  the  white  blood  corpuscles  and  lymph  cells. 
Lumen.     The  open   space  seen  on  section  of  a  tube,  vessel,  or  glandular 

saccule ;  the  cavity  surrounded  by  the  gland  cells,  in  which  the  secretion 

collects. 
Luscitas.     Fixation  of  the  eyeball  in  the  outer  canthus  owing  to  the  unop- 
posed action  of  the  external  rectus  muscle. 
Lymph.     The  liquid  collected  by  the  absorbent  vessels  from  the  tissues ;  the 

return  flow  of  the   irrigation   stream   escaping   from   the   blood-vessels  to 

nourish  the  tissues. 

fi.  This  letter  is  used  to  indicate  ^jVir  °^  ^  millimeter  and   is    used  as  a 

standard  of  measurement  in  histology. 
Macula  Lutea.     That  part  of  the  retina  near  the  axis  of  the  eyeball  in 

which  vision  is  most  acute. 
Manometer.     An  instrument  for  measuring  pressure;  made  of  a  U-shaped 

tube  containing  liquid,  commonly  mercury. 
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Medullary  sheath.     A  soft  clear  sheath  around  the  axis  cylinder  of  medul- 

lated  nerves,  which,  owing  to  its  refracting  power,  gives  them  a  white 

appearance. 
Menstruation.     The  monthly  change  in  the  mucous  membrane  of  the  uterus, 

which  accompanies  the  discharge  of  the  ovum. 
Meroblastic.     The  form  of  ova  in  which  the  yolk  does  not  undergo  complete 

segmentation,  as  that  of  birds. 
Mesencephalon.     Those  parts  of  the  brain  developed  from  the  middle  cere- 
bral vesicle,  viz.,  crura  cerebri  and  corpora  quadrigemina. 
Mesoblast.     The  middle  of  the  three  layers  of  the  blastoderm  from  which 

the  connective  tissues  and  vascular  apparatus  of  the  embryo  are  formed. 
Metabolism.    The  intimate  chemical  changes  occurring  in  the  various  organs 

and  tissues,  upon  which  their  nutrition  and  functions  depend. 
Metanephros.     The  hinder  portion  of  the  Wolffian  body  which  develops  into 

the  kidney  and  ureter. 
Metazoa.     A  term   used  to  denote  all  those  animals  whose  ova  undergo 

division,  in  contradistinction  to  Protozoa. 
Methemoglobin.     A  compound  formed  by  oxyhemoglobin  combining  more 

firmly  with  additional  oxygen. 
Micrococcus.     An  extremely  minute  fungus  of  a  round  shape.     Micrococci 

occur  in  many  solutions  of  decomposing  organic  matter. 
Micturition.     The  act  of  voiding  urine. 
Molecules.     The  smallest  physical  particles  of  matter  that  can  exist  in  a 

separate  state.     They  are  probably  always  constituted  of  two  or  more  atoms. 
Morphology.     The  science  which  treats  of  the  forms  and  structure  of  living 

beings. 
Morula.     The  stage  of  development  of  the  ovum  after  segmentation  in  which 

all  the  young  cells  are  alike,  before  the  blastoderm  is  formed. 
Mucin.     The  characteristic  constituent  of  mucus. 
Mucinogen.     A  constituent  of  the  secretion  of  mucous  glands. 
Mullerian  duct.     An  embryonic  structure  from  which  are  formed  the  genital 

passages  in  the  female,  viz..  Fallopian  tube,  uterus,  and  vagina. 
Mydriasis.     A  dilated  state  of  the  pupil. 

Myelin.     The  material  of  which  the  medullated  sheath  of  nerve  fiber  is  com- 
posed. 
Myograph.     An  instrument  for  graphically  recording  muscle  contraction. 
Myopia.     The   condition   in  which  the   focus  of  parallel  rays  of  light  falls 

short  of  the  retina :  short  sight. 
Myosin.     The  substance  formed  by  the  coagulation  of  muscle  plasma.     It  is 

one  of  the  globulins. 

Natural   nerve   currents.      The    electrical    currents   passing   through   an 
exposed  muscle  or  nerve  while  in  a  state  of  rest. 

Neuroglia.     The  reticular  connective  tissue  which  binds  together  the  ele- 
ments of  the  nerve  centers. 
■  Non-polarizable  electrodes.     Electric  terminals  specially  constructed  so  as 
not  to  set  up  secondary  currents  on  application  to  moist  living  tissues. 

Notochord.     The  primitive  vertebral  axis  of  the  embryo. 

Nucleolus.     A  small  spot  observable  in  some  nuclei. 

Nucleus.     A  central  part  of  a  cell  differentiated  from  the  main  protoplasm, 
commonly  round,  but  sometimes  elongated,  as  in  muscle. 

Odontoblasts.     Living  cells  Hning  the  pulp  cavity  of  the  interior  of  a  tooth, 
and  presiding  over  the  growth  and  nutrition  of  the  dentine. 
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Olfactory.     Pertaining  to  the  sense  of  smell. 

Omphalo-mesenteric.     The  vessels  connecting  the  embryonic  circulation 

with  the  yolk  sac,  by  the  mesenteric  branches  of  the  aorta.     They  are  early 

obliterated  in  the  mammalian  fetus. 
Ophthalmoscope.     An  instrument  consisting  of  a  small  mirror  by  which  the 

interior  of  the  eye  can  be  illuminated  so  that  the  fundus  may  be  viewed. 
Optic  cup.     The  involuted  optic  vesicle  which  is  developed  into  the  retina, 

etc. 
Osteoblast.     The  active  cells  in  forming  bone. 
Osteoliths.     Calcareous  particles  lying  in  the  endolymph. 
Oxyhemoglobin.     The  coloring  matter  of  the  blood- corpuscles. 

Paradoxical  contraction.  The  result  of  excitation  of  the  nerve  of  a  muscle 
by  the  electric  changes  taking  place  in  the  nerves  of  neighboring  muscles. 

Paraglobulin.  One  of  the  more  abundant  albumins  of  the  blood — serum 
globulin. 

Paramecium.  A  unicellular  organism  composed  of  a  soft  mass  of  proto- 
plasm enclosed  in  a  firmer  case,  and  covered  with  motile  cilia. 

Parapeptone.  A  body  produced  in  gastric  digestion  during  the  formation  of 
peptone. 

Pepsin.  A  ferment  existing  in  the  gastric  juice  which  converts  proteids  into 
peptones. 

Peptone.  The  ultimate  products  of  the  hydration  of  proteids  which  are  pro- 
duced during  digestion ;  they  are  very  soluble,  and  diffuse  through  a  mem- 
brane. 

Perilymph.     The  liquid  surrounding  the  membranous  labyrinth  of  the  ear. 

Peristalsis.  The  mode  of  contraction  of  the  muscular  walls  of  certain  tubes, 
as  the  esophagus  and  intestine,  the  effect  of  which  is  to  cause  a  progressive 
constriction,  and  so  force  the  contents  of  the  tube  onward. 

Phakoscope.  An  instrument  for  estimating  the  changes  in  the  shape  of  the 
lens  during  accommodation  by  doubling  the  reflected  images  with  a  prism. 

Placenta.  The  organ  by  means  of  which  the  fetal  blood  is  brought  into 
close  relationship  to  that  of  the  mother,  so  as  to  gain  nutriment  and  oxygen, 
and  get  rid  of  effete  matters. 

Plasma.  A  term  meaning  anything  formed  or  moulded;  used  in  physiology 
to  indicate  complex  kinds  of  matter  which  subserve  to  the  formation  of  the 
living  tissues. 

Poitilothermic.  Varying  in  temperature.  A  term  applied  to  those  animals 
whose  temperature  varies  with  that  of  the  surrounding  medium — "cold- 
blooded animals." 

Presbyopia.  A  loss  of  power  of  accommodation  for  near  vision,  which 
accompanies  old  age. 

Prosencephalon.  That  part  of  the  developing^  anterior  cerebral  vesicle  from 
which  are  formed  the  olfactory  and  optic  lobes,  the  hemispheres,  and 
corpora  striata  and  optic  thalami. 

Proteids.  Widely  spread  proximate  principles  of  organic  tissues  containing 
C,  O,  H,  N  and  S,  in  definite  proportions. 

Proteose.  Intermediate  products  in  the  conversion  of  proteids  into  peptones. 
Probably  an  intermediate  stage  of  hydration. 

Protista.  A  large  group  of  organisms  which  remain  in  the  primitive  state 
of  a  single  cell  during  their  lifetime. 

Protococcus.  A  unicellular  vegetable  organism,  the  protoplasm  of  which 
contains  chlorophyll. 
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Protoplasm.  The  substance  which  gives  rise  to  the  primitive  vital  phenom- 
ena, seen  in  unicellular  organisms,  and  which  is  the  chief  agent  in  execut- 
ing the  functions  of  all  the  active  tissues. 

Protovertebrae.  The  primitive  segment  of  the  mesoblast  in  the  site  of  the 
future  vertebral  column. 

Protozoa.  That  division  of  the  protista  which  has  been  assigned  to  the 
animal  kingdom. 

Proximal.     A  term  used  to  denote  a  part  relatively  nearer  to  the  center. 

Pseudopodia.  Projections  thrown  out  by  moving  protoplasm,  by  means  of 
which  cells,  such  as  amebae,  move. 

Ptosis.     Drooping  of  the  eyelid  accompanying  paralysis  of  the  third  nerve. 

Ptyalin.  The  ferment  of  the  saliva.  In  a  weak  alkaline  solution  it  converts 
starch  into  dextrin  and  sugar. 

Reflex  action.     The  activity  caused  by  a  ganglion  cell  reflecting  an  afferent 

impulse  along  an  efferent  nerve  to  the  neighborhood  of  original  stimulation. 
Reflexion.     The  return  of  rays  of  light  from  a  surface. 
Refraction.    The  bending  which  rays  of  light  undergo  when  passing  obliquely 

from  one  medium  to  another  of  different  density. 
Reticulum.     A  network ;  a  term  applied  to  the  interlacement  of  fibres,  seen 

in  reticulated  connective  tissue,  etc. 
Rheoscopic  frog.     An  arrangement  by  which  the  change  in  the  electric 

current  of  one  muscle  of  a  frog  is  made  to  act  as  a  stimulus  to  the  nerve  of 

another. 

Saponification.  The  formation  of  soap ;  the  decomposition  of  oils  or  fats 
into  salts  of  the  fatty  acid  and  glycerin. 

Sarcolactic  acid.  The  principal  acid  in  dead  muscle.  It  has  a  dextro- 
rotatory power  on  polarized  light,  which  ordinary  lactic  acid  does  not  pos- 
sess. 

Sarcolemma.     The  delicate  sheath  surrounding  the  fibres  of  skeletal  muscles. 

Sclerotic.     The  fibrous  coat  of  the  eyeball. 

Sensorium.  That  part  of  the  nerve  centers  supposed  to  receive  sensory 
impressions. 

Somatopleure.  The  subdivision  of  the  mesoblast,  which,  with  the  attached 
epiblast,  forms  the  body  walls  of  the  embryo. 

Specific  gravity.  The  relation  of  the  weight  of  a  given  volume  of  any 
substance  to  the  weight  of  an  equal  volumn  of  distilled  water  at  4°  C. 

Spherical  aberration.  An  indistinctness  of  the  image  caused  by  the  differ- 
ence in  refraction  at  the  center  and  margin  of  a  lens  giving  rise  to  different 
focal  lengths. 

Sphygmograph.  An  instrument  for  obtaining  a  graphic  representation  of  the 
pulse  wave  by  means  of  a  lever  applied  to  the  radial  artery  at  the  wrist. 

Splanchnopleure.  The  subdivision  of  the  mesoblast  which,  with  the  at- 
tached hypoblast  forms  the  chief  visceral  cavities  of  the  embryo. 

Sporadic  ganglia.  Swellings  occurring  in  the  course  of  the  peripheral 
nerves  caused  by  a  group  of  nerve  corpuscles. 

Steapsin.  A  ferment  existing  in  the  pancreatic  juice  which  causes  or  aids  the 
saponification  of  the  fats. 

Sudoriferous  glands.  The  small  tubular  glands  of  the  skin  which  secrete 
perspiration. 

Summation.  The  fusion  of  several  single  contractions  of  muscle  to  form  a 
tetanic  contraction ;  the  accumulation  of  stimuli. 
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Sutures.  Unions  formed  by  the  direct  apposition  of  bones  without  inter- 
vening cartilage.     They  do  not  permit  of  motion. 

Sympathetic  nerve.  The  ganglionic  nervous  cord  on  either  side  of  the 
vertebral  column.  It  transmits  most  of  the  vaso-motor  impulses  coming  from 
the  cerebro-spinal  centers. 

Symphysis.  A  form  of  joint  without  synovial  membrane  in  which  the  bones 
are  fixed  together  by  fibro-cartil^e. 

Synthesis.  The  artificial  construction  of  a  chemical  compound  from  simpler 
materials, 

Systole.     The  period  of  contraction  of  the  heart's  muscle. 

Taurocholic  acid.    An  acid  existing  in  combination  with  soda  in  the  bile. 

Tetanus.  In  physiology  is  used  to  denote  the  prolonged  contraction  of  the 
skeletal  muscles  which  follows  rapidly  repeated  stimulations. 

Thalamencephalon.  That  part  of  the  anterior  cerebral  vesicle  which  is  left 
after  the  differentiation  of  the  optic  thalami,  cerebral  hemispheres,  etc. 

Thrombosis.     The  occlusion  of  a  vessel  by  a  local  coagulation  of  the  blood. 

Trabecule.  Supporting  bars  of  tissue  passing  through  some  organs,  such  as 
those  proceeding  from  the  capsule  to  the  interior  of  the  spleen  or  lymphatic 
glands. 

Trophic.     Relating  to  nutrition. 

Trypsin.  A  ferment  in  the  pancreatic  juice  which  in  alkaline  solutions  con- 
verts proteids  into  peptones. 

Tyrosin.  A  substance  formed  together  with  leucin  during  pancreatic  diges- 
tion ;  it  is  also  produced  by  putrefaction  of  proteids. 

Urachus.  The  bond  of  union  which  at  an  early  period  connects  the  urinary 
bladder  with  the  allantois  in  the  embryo;  it  is  subsequently  obliterated  in 
the  fetus. 

Vacuoles.     Small  cavities  occurring  in  cells.    They  are  supposed  to  have 

important  functions  in  the  unicellular  organisms. 
Vagus.     The  nerves  distributed  to  the  viscera  of  the  throat,  thorax,  and 

abdomen ;  the  great  regulating  nerve  of  the  vegetative  functions. 
Vaso-constrictor.     Those  impulses  which  excite  contraction  of  the  vascular 

muscles. 
Vaso-dilator.     Those  impulses  which  inhibit  the  action  of  the  vascular 

muscles. 
Vaso-motor.     Those  nervous  mechanisms  controlling  the  movements  of  the 

bloodvessels. 
Villus.     A  hair-like  process.    A  term  applied  to  the  small  projections  charac- 
teristic of  the  small  intestine.     They  contain  blood-vessels  and  lacteals,  and 

are  important  in  absorption. 
Vitellus.     The  yolk  of  the  ovum,  which  in  mammals  divides  completely  to 

form  the  embryo.    In  birds  only  a  part  divides,  and  the  rest  serves  to  nourish 

the  chick. 
Vorticella.      Bell   animalcule,  a   bell-shaped   unicellular   organism    with  a 

rudimentary,  ciliated  mouth  cavity  and  rapidly  contractile  stalk. 

Wolffian  body.     An  embryonic  structure,  the  forerunner  of  certain  parts  of 
the  genito-urinary  apparatus. 

Zymogen.  A  peculiar  substance  supposed  to  give  rise  to  the  pancreatic 
ferments. 
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Abdominal  respiration,  347 
Abductor  nerve  of  the  eye,  550 
Aberration,  chromatic  and  spherical, 

603 
Abnormal   constituents  in  the  urine, 

437 
Absorbents  of  stomach,  170 
Absorption,  210 

intestinal,  217 
interstitial,  211 
mechanism  of,  220 
of  salts,  221 
of  sugars,  222 
of  proteids,  222 
of  fats,  223 
Accelerator  nerve,  299 
Accommodation,  599 
Achromatic  spindle,  loi 
Achromatin,  37 
Acid  albumin,  68 
Acinous  glands,  152 
Adequate  stimulus,  567 
Afferent  nerve,  49,  524 
Agminate  glands,  220 
Agraphia,  704 
Air  passages  of  lung,  342 

pressure  in,  358 
structure  of,  342 
Albumin,  acid,  68 
alkali,  68 
coagulated,  67 
conversion    into     peptone, 

17s 
egg.  67 

in  the  urine,  437 
serum,  67 
syntonin,  68 
tests  for,  68 
Albuminates,  67 
Albuminoids,  composition  of,  7 1 
Albuminous  bodies,  65 

as  food,  115 
Albumins,  classification  of,  67 


Albumins,   chemical   composition  of 

65 
characteristics  of,  67 
Albumose,  primary,  69 
Alcoholic  fermentation,  86,  88 
Alexia,  701 
Alimentary  canal,  130 
Alkali  albumin,  68 
AUantois,  722 
Alloxan,  81 
Amido-acids,  73,  76 
Amnesia,  702 
Amnion,  719 

true,  720 
false,  720 
Ameba,  41,  108 

change  in  form,  108 
effect  of  stimulation,  1 1 1 
life  of,  1 10 
locomotion  of.  III 
pseudopodia,  no 
Ameboid  movement  of  white  blood 

corpuscles,  244 
Amount  of  blood  in  the  body,  233 
Ampullae  of  semicircular  canals,  638 
Amylopsin,  183 
Anelectrotonus,  534 
Animal  heat,  456 

production  of,  459 
income  and  expenditure 
of,  460 
starch,  90 
Animals,  homeothermic,  456 
poikilothermic,  456 
Anode,  529 
Anterior  roots   ot  spinal   cord,  545, 

645.  657 
Aortic  valves,  281,  285 
Aphakia,  704 
Apnea,  363 
Aqueous  humor,  589 
Area  opaca,  716 

pellucida,  716, 
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Area  vasculosa,  716 
Arterial  pulse,  the,  322 

velocity  of  wave,  324 

length  of  virave,  325 

curve,  325,  327 

tone,  332 
Arteries,  walls  of,  302 
Arterioles,  302,  311 
Arytenoid  cartilage,  513 
Ascending  currents,  537 
Asphyxia,  377 
Assimilation,  31 
Aster  stage,  102 
Astigmatism,  604 
Atmospheric  air,  367 
Auditory  meatus,  633 

nerve,  stimulation  of,  641 
terminals  of,  638 
Auerbach's  plexus,  147 
Auricles  of  the  heart,  277 
Auriculo-ventricular  valve,  280,  283 
Automatic  centers  in  spinal  cord,  666 
Automatism,  666 
Axis  cylinder,  49 


Bacterium,  106 
Basal  ganglia,  684 
Basilar  membrane,  638 
Bile,  189 

acids  and  pigments  in  the  urine, 

438 
composition  of,  190 
ducts,  395 

functions  of  the,  189 
method  of  obtaining,  190 
pigments,  Gmelin's  test  for,  193 
origin  of,  397 

salts,  Pettenkofer's  test  for,  193 
manufacture  of,  396 
secretion  of,  194 
Bilirubin,  192 
Biliverdin,  192 
Binocular  vision,  626 
Bladder,  evacuation  of  the,  442 

nervous  mechanism  of,  439 
passage  of  the  urine  to  the, 
440 
Blastoderm,  714  ^ 

Blastodermic  vesicle,  715 
Blind  spot,  616 

Blood,  action  of  reagents  on,  250 
amount  of,  233 


Blood,  arterial,  371 

buffy  coat  of  clot,  263 
carbon  dioxid  in  the,  373 
changes     during     respiration, 

254.  371 

changes  in  the  lungs,  371 

changes  in  the  spleen,  386 

chemistry  of  the  coloring  mat- 
ter, 256 

chemistry  of  the  stroma,  258 

circulation  of  the,  274 

circumstances  influencing  co- 
agulation, 264 

clot,  264 

coagulation  of  the,  262 

coagulation  within  the  vessels, 
268 

colorless  corpuscles,  243 

colorless  corpuscles,  origin  of, 
245 

composition  of,  237 

construction  of  the,  235 

corpuscles,  measurement,  242, 
247 

corpuscles,  number  of,  242 

corpuscles,  separation  from 
plasma,  236 

crenated  red  corpuscles,  249 

current,  velocity  of  the,  330 

defibrinated,  264 

density  of  the,  234 

development  of  red  discs, 
258 

enumeration  of  blood-corpus- 
cles, 251 

gases  in  the,  260 

glands,  380 

hematin  of,  256 

hematoidin  of,  257 

hemin  of,  257 

hemochromogen  of,  256 

lakey,  250 

methemoglobin  of,  255 

of  amphioxus,  246 

origin  of  colorless   corpuscles 

of,  24s 
oxygen  in  the,  254,  372 
oxyhemoglobin  of,  252 
-plasma,  coagulation  of,  236 
-plasma,  chemical  composition 

of,  237 
preparation    of    oxyhemoglo- 
bin, 253 
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Blood,  red  corpuscles  of,  alteration  in 
shape,  248 

red  corpuscles,  246 

red   corpuscles,  forming   rou- 
leaux, 248 

red  corpuscles  of,  relative  size 
in  different  animals,  247 

red   corpuscles,  shape  in  dif- 
ferent animals,  246 

-serum,  composition  of,  241 

specific  gravity  of  the,  233 

spectra,  257 

spectra  6f  hemoglobin,  256 

stroma  of  the,  258 

venous,  371 
Blood-pressure,  308 

influence  of  respiration  on,  320 

in  the  pulmonary  circulation, 
322 

in  the  capillaries,  316 

in  the  veins,  316 

measurement  by  Kick's  spring 
manometer,  318 

measurement  by  mercurial  ma- 
nometer, 312 

record  of,  317 

tracing  of,  317 

relative  height  of,  316 

respiratory  wave  of,  320 

sustentation  of,  310 

variations  of,  316 
Blood-vessels,  301 

clotting  of  blood  in  the,  269 

action  of  depressor  nerve  on, 

335 
nervous  control  of  the,  332, 
relative  capacity  of,  306 
vasomotor  centers  of,  333 
vaso-motor  nerves  of,  332 

Bone,  58 

composition  of,  59 
growth  of,  59 

Brain,  development  of,  674 

effect  of  stimulation  of,  690 
functions  of  the,  686 
mid  and  hind  brain,  67  j 

Brain,  recovery  after  injury  of,  650 

result  of  removal  of  parts  of, 

681 
structure  of,  674 

Breaking  shock,  529 

Bronchial  tubes,  343 

Brownian  movement,  95 


Brunner's  glands,  200 
Bulb,  the,  668 
Butter  as  food,  123 


Calabar  bean,  602 
Calculi,  urinary  438 
Canal  of  cochlea,  638 
Canaliculi  of  bone,  59 
Capillaries,  303 

lymphatic,  212 
Carbohydrates,  85 

as  food,  lis,  4S3 
Carbon,  30 

Carbon  dioxid  in  the  blood,  373 
Carbonates  in  the  tissues,  93 
Cardiac  center,  673 
cycle,  285 
ganglia,  ^96 
glands  of  stomach,  1 69 
impulse,  289 
movements,  287 
mechanism,  274 '  ^ 

Cardiograph,  290 
Cartilage,  58 
Casein,  70,  413 
Caseinogen,  413 
Catacrotic  pulse,  326 
Catelectrotonus,  534 
Cathode,  529 
Cell-contents,  34 
Cell  wall,  37 
Cells,  animal,  34 

development  of,  99 

differentiated,  39 

division  of,  98 

fat,  38 

ganglion,  50,  548 

germination  of,  98 

goblet,  219 

gland,  152 

history  of,  104, 

liver,  34 

of  mucous  tissue,  54 

nucleus  and  nucleolus  of,  34 

pigment,  38 

reproduction  of,  98 

varieties  of,  39 
Cells,  vegetable,  33 
Cellular  theory,  33 
Cellulose,  90 
Cerebellum,  679 
Cerebral  hemispheres,  686 
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Cerebral    functions,   localization    of, 
689 

Cerebro-spinal  axis,  644 

Cerebrum,  675 

Chalaza,  712 

Cheese  as  food,  123 

Chemistry  of  the  body,  63 

of  respiration,  367 

Chlorophyll,  108 

Cholesterin,  193 

Cholin,  82 

Chondrin,  71 

Chorion,  722 

Choroid,  587 

Chromatic  aberration,  603 

Chyle,  227 

Cicatricula,  712 

Ciliary  ganglion,  555 
processes,  587 

Ciliated  epithelium,  46 

Circulation  of  the  blood,  274 

physical  forces  of  the,  307 

Circumvallate  papillae,  151,  581 

Clot  of  blood,  263 

Coagulation  of  the  blood,  262 

Cochlea,  637 

canal  of  the,  638 
organ  of  Corti  in,  640 

Cold  blooded  animals,  456 

Colostrum,  4I4 

Colorless  blood  corpuscles,  origin  of 

245 
Colorless  corpuscles  of  blood,  243 
Color  blindness,  624 

perceptions,  621 
Columns    of    cord,    648,    684    (see 

Tracts) 
Columnar  epithelium,  46 
Connective  tissue,  53 

tissues,  classification  of,  44 
Constrictors  of  pharynx,  135 
Contractile  tissues,  469 
Convulsions,  epileptic,  693 

respiratory,  378 
Coordination,  665 
Cord,  spinal,  segments  of,  645,  658 
Cornea,  589 
Corpora  quadrigemina,  684 

striatum,  686 
Corpuscles,  blood,  242,  246 
Corpuscles,  enumeration  of  blood,  242 

lymph,  214 
Corti,  organ  of,  640 


Costal  respiration,  347 

Coughing,  354 

Cranial  nerves,  549 

Cricoid  cartilage,  512 

Crura  cerebri,  682 

Crusta  petrosa,  132 

Crying,  354 

Crystalline  lens   at  different  periods, 

S9' 
fibers  of,  592 
Crystals  of  hemoglobin,  253 
Curara,  481 
Currents,  ascending  and  descending, 

537 
Cutaneous  desquamation,  420 
Cytod,  35 


Decidua  reflexa,  725 

serotina,  725 

vera,  725 
Defecation,  mechanism  of,  145 
Deglutition,  134 

nervous  mechanism  of,  137 
Dentin,  131 
Depressor  nerve,  335 
Derived  albumins,  67 
Degenerative  method,  646 
Deutero-albumose,  69 
Developmental   method  of  studying 

tracts  of  spinal  cord,  646 
Dextrin,  90 
Dextrose,  86 
Diabetes,  405 
Diaphragm,  349 
Diaster,  102 
Diastole  of  heart,  286 
Dicrotic  pulse,  326 
Diet  tables,  453 
Differentiated  cells,  39 
Diffusion,  359 
Digestion,  alimentary  tract,  131 

of  carbohydrates,  115 

of  fats,  188 

of  proteids,  175,  187 

mechanism  of,  1 29 

movements   of   the   intes- 
tines, 143 

small  intestine,  199 

stomach,  169 
Discus  proligerus,  710 
Discus  vitello  intestinalis,  721 
Division  of  egg  cell,  103,  711,  714 
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Dorsal  muscles,  35 1 

Drum  of  ear,  634 

Du  Bois  ReymODd's  induction  coil, 

482 ;  myograph,  489 
Ductless  glands,  381 
Ductus  arteriosus,  733 

venosus,  731 
Duodenum,  131,  199 
Dyspnoea,  362 


Ear,  cochlea,  638 

eustachian  tube  of,  636 

external,  632 

labyrinth  of,  637 

membrana  tympani  of,  636 

organ  of  Corti,  640 

ossicles  of  the,  634 

semicircular  canals  of,  638 
Ectoderm,  42 
.  Efferent  nerve,  49,  525 
Egg  albumin,  67 
Eggs  as  food,  125 
Elastin,  71 

Electrodes,  non-polarizable,  477 
Electrotonus,  533 
Embryonic  circulation,  728 
■  Emmetropic  eye,  599 
Emulsification  of  fat,  189,  197 
Enamel,  131 
End  bulbs,  570 
Endoderm,  42 

Endogenous  reproduction,  99 
Endolymph,  638 
Endothelium,    development    of,   61, 

217 
Entoplic  images,  604 
Epiblast,  43,  716 
Epiglottis,  513 
Epithelial  tissues,  44,  47 
Equilibration,    nervous     mechanism, 

677 
Eupnea,  362 
Eustachian  tube,  636 
valve,  636 
Excretions,  417 
Expiration,  352 
Expired  air,  368 
External  auditory  meatus,  633 
Extrinsic  cardiac  nerves,  297 
Eye,  abductor  nerve  of  the,  550 

accommodation,  599 
blind  spot*  of,  616 


Eye,  development  of,  591 

dioptrics  of  the,  593 

inversion  of  image  by  the,  594 

motor  oculi  nerve,  549 

pigment  cells  of  the  retina,  620 

refraction  of  the,  595 

tunics  of  the,-  587 

yellow  spot,  618 
Eye-ball,  dioptric  media  of  the,  593 
Eye-balls,  movement  of  the,  625 


Feces,  composition  of,  204 
Fallopian  tube,  724 
Fat,  absorption  of,  223 
Fats  as  food,  91 
Fat  cells,  37 

emulsion,  189,  197 
Fats,  91 

Fehling's  solution,  86 
Fenestra  ovalis,  637 

rotunda,  637 
Fibrin,  237,  240 

ferment,  268 
Fibrinogen,  267 
Fibrinoplastin,  267 
Fick's  spring  manometer,  31 8 
Filiform  papillse,  151 
Fistula,  gastric,  172 

intestinal',  202 
pancreatic,  183 
Fetal  circulation,  732 
Follicles  of  Lieberkiihn,  201 
Food, 114 

albuminous  bodies,  1 1 5 

carbohydrates,  115,  453 

classification,  116 

diet  table,  453 

digestibility  of,  118 

excessive  consumption  of,  452 

fats,  91 

requirements,  119 

tables,  453  ■ 
Foodstuffs,  116 
Fovea  centralis,  595,  612 
Fundus  of  eye,  611 
Fungiform  papillae,  151 


Gall  Bladder,  189,  390 
Galvanometer,  478 
Ganglia  of  fifth  nerve,  555 

sympathetic,  561,  564 
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Ganglion,  cells  of  heart,  50 
Gases  in  the  blood,  260,  37 1 

urine,  437 
Gastric  digestion,  176 

fistula,  172 

glands,  169 

juice,  aclicm  on  food,  175 

juice,  artificial,  172 

juice,  characters  of,  171 

juice,  method  of   obtaining, 
172 
Galactose,  87 
Gastrula  stage,  42 
Gelatin,  71 
Gemmation,  99 
General  sensations,  578 
Germ  epithelium,  708 
Germinal  vesicle,  711 
Giddiness,  580 
Gills,  340 
Gland  cells,  152 
Glands,  acinous,  152 

blood  elaborating,  380 

ductless,  381 

excreting,  417 
^  gastric,  170 

lachrymal,  408 

lymphatic,  214 

mammary,  412 

Meibomian,  411 

mucous,  409 

of  stomach,  169 

salivary,  154 

sebaceous,  410 

secreting,  408 

svfeat,  417 

thymus,  383 

thyroid,  382 
Glandular  epithelium,  47 
Glisson,  capsule  of,  392 
Globin,  258 
Globulins,  67 
Gleocapsa,  99 

Glomerulus  of  kidney,  424 . 
Glosso-pharyngeal  nerve,  556 
Glottis,  shape  of  opening  of,  514 
Glucoses,  86 
Gluten,  126 
Glycin,  73 
Glycocin,  73 
Glycocholic  acid,  78 
GlycocoU,  73 
Glycogen,  90 


Glycogen,  composition,  402 
preparation  of,  403 
properties,  403 

Glycogenic  function  of  liver,  402 

Gmelin's  test,  193 

Goblet  cells,  219 

Graafian  follicle,  709 

Grape  sugar,  86 

in  the  urine,  437 

Graphic  method,  313,  490 

Green  vegetables  as  food,  126 


Hematin,  256 
Hematoidin,  192,  257 
Hemin,  257 
Hemochromogen,  256 
Hemoglobin  crystals,  253 

decomposition  of,  256 
spectra  of,  254 
Haversian  system,  59 
Hearing,  628 

external  ear,  632 
organ  of  Corti,  640 
tympanum,  634 
Heart,  277 

accelerator  nerves  of,  299 

action  of  the  valves  of,  282       • 

afferent  cardiac  nerves,  300 

anatomy  of,  277 

atropin,       curara,       digitalis, 
nicotin,  action  of,  300 

Bidder's  ganglion,  296 

centers,  297,  673 

movements,  287 

cardiograph,  290 

capacity  of,  277 

cause  of  sounds  of,  291 

cycle  of,  285 

diastole  of,  286 

depressor  nerve,  335 

extrinsic  nerves,  297 

first  sound  of,  291 

inhibitory  nerves  of,  297 

innervation  of,  293 

intrinsic  nerves,  295 

muscle  of,  278,  471 

nerve  cells  of,  295 

passive  interval,  286 

second  sound  of,  291 

semilunar  valves,  283 

Stannius's  experiment,  297 

systole  of,  286 ' 
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Heart,  vagus,  action  of,  297 
valves  of,  282 

work  done  by  the,  331 
Heart's  impulse,  289 
Heat,  animal,  456 

expenditure  of,  460 

income,  460 

production  of,  459 

value  of  food,  460 
Heat  perceiving  areas,  578 
Henle's  tubules,  421 
Hepatic  artery  and  vein,  392 
Hetero-albumose,  69 
Hiccough,  3S4 
Hippuric  acid,  79,  435 
Histology,  25 
Holoblastic  ovum,  713 
Homeothermic  animals,  456 
Hunger  and  thirst,  579 
Hyaline  cartilage,  57 
Hydra,  neuro-muscular  cells  of,  48 
Hydrocele  fluid,  267 
Hyaloplasm,  35 
Hypermetropia,  602 
Hypoblast,  39,  43.  7iS 
Hypoglossal  nerve,  559 


Idiosyncrasy,  118 

Ileo-cecal  valves,  144 

Incus,  634 

Indican,  436 

Indifferent  cells,  40 

Indol,  82 

Induced  shock,  482 

Induction  coil,  482 

Infusoria,  III 

Inhibition,  543 

of  heart,  298 
of  reflex,  662 

Innervation  of  the  heart,  293 

Inorganic  bodies,  92 

substances,  30 

Inosit,  87 

Inspiration,  347 

muscles  of,  348 

Intercellular  substance,  37 

Intercostal  muscles,  351 

Interlobular  vein,  392 

Internal  respiration,  374 

Interrupted  current,  482 

Interstitial  absorption,  211 

Intestinal  absorption,  217 


Intestinal  digestion,  182,  202,  206 
fistula,  202 

juice,  function  of,  202 
secretion  of,  202 
movements,    nervous     me- 
chanism of,  148 
secretion,  method  of  obtain- 
taining,  202 
Intestine,  histology  of  small,  199 
large,  203, 

lymph  follicles  of,  220 
small,  199 
Intestines,  movements  of  the,  143 
Intima,  303 
Intralobular  vein,  392 
Inversion  of  image,  594 
Iris,  functions  of  the,  605 
nervous  control  of,  606 
structure,  605 
Irradiation,  619 
Irrespirable  gases,  375 


Jejunum,  130 


Karyokinesis,  37,  99 

Keratin,  72,  420 

Kidney,  421 

blood  vessels  of,  423 
tubules  of,  422 

Kvause's  end  bulbs,  570 

Kreatin,  79 

Kreatinin,  80 

in  the  urine,  435 

Kymograph,  314 


Labyrinth  of  ear,  637 
Lachrymal  glands,  408 
Lactation,  415 
Lacteals,  217 
Lactic  fermentation,  88 
Lactose,  88 
Lacunfe  of  bone,  58 
Lakey  blood,  250 
Large  intestine,  203 
Larynx,  512 

muscles  of,  5 14 
Latent  period,  491,  492 
Laughing,  354 
Law  of  contraction,  S38 
Lecithin,  30,  83 
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Leeuwenhoek,  246 
Leucin,  76 

and  tyrosin  in  the  urine,  438 

in  pancreatic  digestion,  188 
Leucocytes,  243 
Leucocythemia,  243,  386 
Levatores  costarum,  350 
Levers,  the  three  orders  of,  506 
Lieberkiihn's  follicles,  201 
Light,  612 
Liquor  folliculi,  709 

sanguinis,  235 
Liver,  389 

capillaries  of,  395 
cells,  34,  393 

glycogenic  function  of,  402 
lobules  of,  392 
uremic  function  of,  398 
Localization  of  cerebral  function,  689 
Ludwig's  kymograph,  314 
Lung,  structure  of,  341 
Lymph  and  chyle,  characters  of,  226 

composition  of,  226 

corpuscles,  226 

follicles  in  intestine,  219 

hearts,  229 

movement  of  the,  227 

spaces,  211 

vascular  system,  21 1 

vessels,  215 

valves  in,  229 
Lymphatic  gland,  214 
system,  224 
vessels,  215 
Lymphatics,  210 


Making  Shock,  529 

Malassez'  apparatus  for  the  enumera- 
tion of  blood  corpuscles,  25 1 
Malleus,  634 

Malpighian  body  of  spleen,  385,  387 
Maltose,  88 
Mammary  glands,  412 

during  lactation,  412 
Manometer,  Fick's,  318 

mercurial,  312 
Marey's  sphygmograph,  325 

tambour,  290 
Mastication,  121 
Meat  as  food,  123 

Mechanical  stimulation  of  muscle,  481 
nerve,  527 


Mechanism  of  absorption,  220 

of  speech,  699 
Medulla  joblongata,  668 

as  central  organ, 

670 
cardiac  center,673 
respiratory  center 

in,  670 
roots  of  nerves  in, 

669 
vaso-motor  center 
in,  671 
Medulla  spinalis,  644 
Medullary  fold,  715 

sheath,  49 
Medullated  nerve  fibers,  49,  523 
Meibomian  glands,  411 
Meissner's  plexus,  148 
Membrana  tympani,  633 
Membrane  of  Reissner,  638 
Membranous  spiral  lamina,  638 
Memory,  687,  701 
Menstruation,  709 
Meroblastic  ovum,  713 
Mesoblast,  39,  43>  7'S 
Metabolism,  31 

of  muscle,  475 
Metakinesis,  102 
Metazoa,  41 
Methemoglobin,  255 
Methods  of  investigation  of  the  cord, 
64s 
Anatomical,  645 
Degeneration,  646 
Developmental,  646 
Experimental,  652 
Pathological,  653 
Micrococcus,  106 
Micturition,  442 
Milk,  chemical  composition  of,  121, 

415 

as  food,  120 

curdling,  413 

mode  of  secretion,  415 

sugar,  88 

tests,  122 
Millon's  reagent,  66 
Mitotic,  99 

Mitral  valve  of  the  heart,  282 
Moist  chamber,  489 
Morphology,  25 
Morula  stage,  41,  715 
Motor  areas,  690 
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Motor  oculi  nerve,  549 

Mouth  digestion,  151 

Movement  of  chyle  and  lymph  ,229 
of  the  heart,  287 
of  white  corpuscles,  243 

Mucin,  70 

Mucous  glands,  153,  408,  409 
tissue,  54 

Murexid  test  for  uric  acid,  81 

Muscle,  active  state  of,  480 

altitude  of  curve,  495 
changes  during  contraction, 

483 

chemical  change  in,  483  . 

composition  of,  473 

consistence  of,  473 

contraction,  single,  490 
tetanic,  497 
tonic,  475 

contraction   of    non-striated, 

503 
curves,  490 
death  rigor,  502 
Du  Bois  Reymond's  coil,  482 
duration  of  contraction,  493 
effect  of  temperature  on  con- 
traction of,  493,  494 
elasticity  of,  475 
electric  phenomena,  477 
fatigue,  499 
graphic  method,  488 
irritability  of,  442,  499 
latent  period  of,  491,  492 
maximal  contraction,  495 
natural  currents,  477 
negative  variation,  485 
non  -  polarizable    electrodes, 

477 

non-striated,  51,  504 

of  heart,  471 

pigments,  474 

plasma,  473 

properties  of,  473 

rate   of   contractions   in   in- 
sects, 493 

rheoscopic  frog,  486 

rigor  mortis,  502 

sarcolemma,  53,  472 

single  contraction,  490 

sound,  498 

stimulation  of,  48 1 

striated,  51,  470 

summation,  495 


Muscle,  tetanus,  497 

tone,  475 

wave  of  contraction,  491 
Muscles  of  deglutition,  134 

of  the  eye-balls,  625 

of  the  iris,  605 

of  the  larynx,  515 

of  mastication,  131,  1 33 

of  inspiration,  352 

the   three   orders  of  levers, 
506 
Muscular  fibers  of  heart,  471 
Muscularis  mucosae,  200,  219 
Myo-albumin,  474 
-globulin,  474 
-proteose,  474 
Myograph,  pendulum,  489 

,  spring,  489 
Myopia,  602 
Myosin,  70,  474 
Myosinogen,  474 


Nausea,  580 

Near  limit  of  vision,  599 

Negative  variation,  53' 

Nerve,  47 

motor  oculi  nerve,  549 
trochlear  nerve,  550 
trigeminus,  or  tri  facial  nerve, 

552 
abductor  nerve  of  the  eye,  550 
(portio  dura)  motor  nerve  of 
the  face,  550 

•  vagus,  556 

glosso-pharyngeal  nerve,  556 
spinal  accessory  nerve,  559 
hypoglossal  nerve,  559 
active  state  of,  526 
auditory,  638 
axis  cylinder  of,  49,  523 

cells,  541 
conductivity  of,  534 
electric  change  in,  532 
electrical  properties  of,  531 
electrotonus  in,  533 
excitability  of,  534 
law  of  contraction  of,  538 

mechanism  of  heart,  295 
medullary  sheath  of,  49,  523 
medullated,  49,  523 
Meissner's  plexus,  148 
multipolar  cells,  50 
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Nerve,  natural  current  in,  531 

negative  variation  in,  531 

muscle     preparation, 
526 
non-raedullated,  49,  523 
nodes  of  Ranvier  in,  49,  523 
primitive  sheath  of,  49,  524 
sensory  cells,  569 
spinal,  S4S 
stained  with  osmic  acid,  49, 

523 

stimulation  of,  527 

tissue,  47 

velocity  of  force,  530 
Nerves,  special  physiology  of,  545 
afferent,  524 
efferent,  525 
anterior  roots  of,  545 
posterior  roots  of,  S46 
cranial,  549 
functional     classification    of, 

524 
Nerve  cells,  48 

functions  of,  541 
in  spinal  cord,  656 
Nerve  endings,  569 

in  the  ear,  639 
in  the  eye,  614 
in  nose,  583 
in  the  skin,  569 
in  tongue,  581 
Nerve  fiber,  chemistry  of,  526 
fibers  in  spinal  cord,  644 
centers,  644 
Nervous  control  of  the  blood  vessels, 

332 
Nervous   mechanism   of   respiration, 
360 
of  salivary  se- 
cretion, 157 
of   urinary  se- 
cretion, 439 
of  voice,  519  , 
Nervous  organs,  central,  644 
Nerve  muscle  preparation,  519 
Neurin,  83 
Neuroglia,  644 

Neuro-muscular  cells  of  Hydra,  48 
Nitrogenous  diet,  449 
Non-medullated  nerve  fibers,  49,  523 
Non-nitrogenous  diet,  450 
Non-polarizable  electrodes,  477 
Non-striated  muscle,  49,  504 


Notochord,  715 
Nuclear  matrix,  36 

membrane,  36 

network,  36,  99 
Nucleo-albumin,  72 
Nucleus,  method  of  staining,  36 
Nucleolus,  37 
Nutrition,  444 
Nutritive  equilibrium,  448 

materials  in  vegetable  food, 

I2S 
value  of  food,  118 


Odontoblasts,  133 

OEsophagus,  136 

Omphalo-mesaraic  vessels,  see 

Omphalo-mesenteric  vessels,  729,  730 

Ophthalmic  ganglion,  555 

Ophthalmometer,  601 

Ophthalmoscope,  608 

Optic  nerve,  586,  613 
thalami,  685 

Organic  substances,  29 

substance,  instability  of,  31 

Organisms,  chemical  composition  of, 
29 

Organisms,  death  of,  32 

general  characters  of,  28 
reproduction  of,  32 
vital  characters  of,  95 

Origin  of    white    blood    corpuscles, 

24s 
Osseous  spiral  lamina,  638 
Ossicles  of  ear,  635 
Ossifying  cartilage,  60 
Osteoblasts,  60 
Otic  ganglion,  555 
Otoliths,  638 
Ovary,  708 
Ovisac,  709 

Ovoid  cells  of  stomach  glands,  1 70 
Ovulation,  709 
Ovum,  709 

changes  in  the,  713 

divisions  of,  40 

maturation  of,  713 
Oxalic  acid  in  the  urine,  435 
Oxygen  in  the  blood,  254 
Oxyhemoglobin,  252,  372 

composition  of,  252 
decomposition  of,  256 
preparation  of,  253 
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Pacinian  corpuscles,  571 
Pain,  578 
Pancreas,  182 

changes  in  the  cells  during 

secretion,  185 
nervous  influence   on   the, 
184 
Pancreatic  fistula,  183 

juice,  action  on  fat,  188 

action   on    proteids, 

187 
action  on  starch.iSg 
artificial,  183 
characters  of,  183 
mode  of  secretion, 
184 
Papillae  of  tongue,  151 
Paraglobulin  (fibrinoplastin),  267 
Paramecium,  ill 
Paramyosinogen,  474 
Peduncles  of  the  cerebellum,  681 
Pendulum  myograph,  Fick's,  489 
Pepsin,  172 
Peptones,  69 

absorption  of,  222 
tests  for,  69 
Perilymph,  637 
Peristaltic  action,  143 
Perspiration,  466 

Pettenkofer's  test  for  bile  acids,  193 
Peyer's  patches,  220 
Phakoscope,  6or  . 

Pharynx,  muscles  of,  134 
Phosphates  in  the  urine,  436 
Physical  forces  of  the  circulation,  307 
Physiology,  objects  of,  25 
Pigment  cells,  38 

of  the  eye,  620 
Placenta,  724 

circulation  in,  730 
functions  of  the,  728 
Plant  cell,  33 
Plasma,  235 

chemical  composition  of,  237 
of  the  blood,  coagulation  of, 

236 
method    of    obtaining    from 
blood,  236 
Pleura,  343 

functions  of  the,  355 
Pneumogastric  nerve,  365 
Poikilothermic  animals,  456 
Poisonous  gases,  375 


Polar  globule,  713 
Polarizing  current,  533 
Pons  Varolii,  669 
Portal  vein,  390,  392 
Portio  dura,  seventh  nerve,  55° 

mollis,  550 
Posterior  roots  of  spinal  nerves,  546 
Potatoes  as  food,  126, 
Presbyopia,  603 

Primitive  (medullary)  groove,  715 
Products  of  tissue  change,  72 
Pronucleus,  713 
Protameba,  109 
Proteid,  tests  for,  65 

classification,  65 
solubility,  70 
Proteoses,  68 
Protista,  40 
Proto-albumoses,  69 
Protoplasm,  28 

issimilation  of,  98 
change  in  form,  95 
of  cell,  35 
structure  of,  35 
Protoplasmic  movements,  95 
Protozoa,  41 
Pseudopodia  of  ameba,  96 

of  white  blood  corpus- 
cles, 244 
Ptyalin,  165,  168 
Puerile  breathing,  358 
Pulmonary  circulation,  274 
Pulp  cavity  of  the  teeth,  132 
Pulse,  arterial,  322 

Marey's  sphygmograph,  325 
tracings,  325 
rate,  323 

variations  in  the,  326 
vifave,  velocity  of,  324 
Pupil  of  the  eye,  605 
Purkinje's  cells    in  the  cerebellum, 
6S0 
figures,  617 
Putrefactive  fermentation  in  the  intes- 
tine, 205 
Pyloric  glands,  170 
Pylorus,  140 

Quadratus  lumborum,  350 

Ranvier's  nodes,  49,  523 
Receptaculum  chyli,  213 
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Recording  apparatus,  314 

Red  blood  corpuscles,  246 

Redaced  hemoglobin,  256 

Reflei  action,  49,  659 

inhibition  of,  662 
time,  562 

Reflex  centers,  special,  663 

Refraction,  593 

Reissner's  membrane,  638 

Rennin,  413 

Reproduction,  706 

of  cells,  98 

Respiration,  338 

abdominal,  347 
asphyxia,  376 
changes  in  the  air,  368 
changes    in    the    blood 

during,  371 
chemistry  of,  367 
complemental  air  of,  357 
construction    of  thorax, 

344 
costal,  347 
diffused  in,  359 
expiration,  352 
expired  air,  369 
external,  339 
frequency  of,  346 
functions  of  the  pleura 

in.  355 
in  lower  animals,  339 
inspiration,  347 
internal  or  tissue,  339 
mechanism  of,  339 
nervous    mechanism   of, 

360 
of  abnormal  air,  375 
of  poisonous  gases,  375 
pressure    differences    in 

the  air,  358 
reserve  air,  357 
residual  air,  358 
sounds,  360 
tidal  air  of,  357 
ventilation,  376 
vital  capacity,  358 
vital  spot,  361,  670 
volumes  of  air,  357 
Respiratory  center,  361,  670 
movements,  345 
quotient,  370 
rhythm,  363 
sounds,  360 


Retention  of  urine  in  the  bladder,  441 

Retiform  tissue,  54 

Retina,  function  of  the  61 7 
pigment  cells  of,  620 
ophthalmoscopic  view  of  the, 

611 
structure  of,  614 

Rheoscopic  frog,  486 

Ribs,  344 

Rigor  mortis,  502 

Ritter's  tetanus,  528 

Rods  and  cones  of  the  retina,  613 

Rods  of  Corti,  640 

Roots  of  spinal  nerves,  545 

connection  with  cord,  645,  657 

Running,  510 


Sacculated  glands,  152 
Saccule  of  labyrinth,  628 
Saliva,  action  on  food,  165 

chemistry  of,  155 

collection  of,  15S 

effect  of  drugs  on  secretion  of, 

157 
nervous  mechanism  of,  157  , 
method  of  secretion,  156 
Salivary  gland,  154 

histology  of,  153 
Salts  as  food,  1 27 

in  the  tissues,  92 
Saponificaition,  188 
Sarcolemma  of  muscle,  53,  472 
Scaleni  muscles,  351 
Scaly  epithelium,  46 
Scheiner's  experiment,  597 
Sclerotic,  587 
Sebaceous  glands,  410 
Secreting  glands,  408 
Secretion,  468 

of  urine,  426 
Segmentation  sphere,  714 
Semicircular  canals,  638 
Semilunar  valves,  283,  284 
Sensations,  general,  578 
Sense  of  smell,  582 

taste,  581 

touch,  572 

sight,  586 

hearing,  628 
Sensory  areas,  695 

excitation  of,  695 

destrTiction  of,  696 
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Sensory  roots,  545 
Sensory  nerve  endings,  569 
Serum,  241 

separation  of,  241 
Serum  albumin,  239 

composition  of,  241 
globulin,  238 
Sexual  reproduction,  706 
Shivering,  580 
Sighing,  354 
Sight,  586 
Skatol,  82 

Skeletal  muscles,  application  of,  505 
Skin,  cutaneous  desquamation,  420 
sensations,  568 
glands  of,  408 
Krause's  end  bulbs,  570 
nerve  endings  in,  569 
sense  of  temperature,  576 
Smell,  583 
Sneezing,  354 
Sobbing,  354 
Somatopleure,  620 
Sound,  628 

properties  of,  629 
of  tuning  forks,  629 
vibrations   through   the   tym- 
panum, 633 
Special  senses,  566 

hearing,  628 
smell,  583 
taste,  581 
touch,  572 
sight,  586 
Specific  energy,  567 
Spectra  of  blood,  256 

of  hemoglobin,  254 
Speech,  520 
Spermatozoa,  708 
Sphenopalatine  ganglia,  555 
Spherical  aberration,  603 
Spheroidal  cells  of  stomach  glands, 

169 
Sphygmograph,  325 
Spinal  accessory  nerve,  559 
Spinal  cord,  645 

automatism,  666 
cellular  columns  in  the, 

656 
collection  of  nerve  cells 

in  the,  656 
coordination,  665 
course  of  fibers  in,  640 


Spinal  cord,  experiments  on  the,  654 
gray  matter,  654 
motor  channels,  649 
pyramidal  tracts  of,  649 
reflex  action,  659 
roots  of  nerves  of,  657 
segments  of,  659 
sensory  channels,  654 
vesicular  columns,  656 
white  tracts  on,  649 
Splanchnopleure,  720 
Spleen,  changes  of  blood  in  the,  384 
extirpation  of  the,  387 
function  of,  388 
structure  of,  384 
Spongioplasm,  99 
Spring  myograph,  489 
Standing,  506 
Stapes,  634 
Starch,  90 

as  food,  115,453 
converted  into  sugar,  166 
microscopic     appearance    of, 

127 
tests  for,  89 
Starvation,  445 
Steapsin,  183 
Stomach,  digestion,  169 

histology  of,  1 69 
movements  of  the,  139 
nervous  influence  on,  140 
Stomata,  217 
Stratified  epithelium,  45 
Striated  muscle,  51,  471 
Stroma  of  corpuscles,  258 
Strychnin,  661 
Submaxillary  ganglion,  556 
Sucrose,  87 

Sudoriferous  glands,  417 
Sulphates  in  the  urine,  437 
Summation,  495 
Supra-renal  capsule,  381 
Sweat  glands,  418 
Sympathetic  system,  560 
Syntonin,  68 

Systemic  circulation  of  the  blood,  275 
Systole  of  heart,  286 

Tactile  impressions,  572 
Tambour  (Marey's),  290 
Taste,  582 
Tastebuds,  581 
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Taurin,  77 

Taurocholic  acid,  78 

Teeth,  structure  of  the,  131 

Tegmentum,  683 

Temperature,  457 

maintenance  of  uniform, 

462 
measurement  of,  456 
normal    variations     in, 

457 
sensations  of,  576 
Testicle,  707 
Tetanus  of  muscle,  497 

breaking  or  Ritter's,  528 
Thermic  stimulation  of  muscle,  481 

of  nerve,  527 
Thermometer,  clinical,  457 
Thirst  and  hunger,  579 
Thoracic  duct,  230 

lymph  of,  227 
Thorax,  construction  of,  344 
Thrombosis,  271 
Thymus  gland,  383 
Thyroid  body,  382 

cartilage,  513 
Timbre  of  a  note,  63 1 
Tissue  changes  in  starvation,  445 

bone,  58 

change,  products  of,  70 

cartilage,  58 

connective,  53 

contractile,  51 

differentiation,  40 

endothelium,  6 1 

epithelial,  44 

lymphoid,  214 

mucous,  54 

muscle,  51,  470 

nerve,  47,  523 

retiform,  54 

white  fibrous,  56 

yellow  elastic,  57 
Tissues,  classification  of,  44 
Titillation,  580 
Tone,  630 

of  vessels  (arterial),  332 
of  muscles,  475 
Torula  cerevisise,  108 
Touch,  573 

cells,  570 

corpuscles  (Meissner's),  569 

general  sensation,  578 

sense  of  locality,  573 


Touch,  sense  of  pressure,  575 

temperature,  576 
Tracts  of  white  fibers  in  cord,  648 
anterior  root  zone,  651 
crossed  pyramidal,  649 
descending  cerebellar,  650 
direct  pyramidal,  648 
dorsal  or  direct  cerebellar, 

650 
posterior  external,  65 1 
posterior  median,  650 
Tradescantia  virginica,  95 
Tricuspid  valve  of  the  heart,  283 
Trigeminus  nerve,  552 
Trochlear  nerve,  550 
Trommer's  test,  85 
Trypsin,  183 
Trypsinogen,  187 
Tubules  of  kidney,  422 
Tubuli  seminiferi,  707 
Tunica  adventitia,  302 
albuginea,  708 
fibrosa,  709 
granulosa,  709 
intima,  303 
media,  302 
propria,  709 
Tympanum  of  ear,  633 
Tyrosin,  76 


Unicellular  organism,  106 
Unstriated  muscle,  contraction  of,  504 
Urachus,  722 
Urea,  73,  431 

amount  eliminated,  432 

artificial  preparation  of,  74, 433 

composition,  431 

decomposition  of,  74 

estimation  of,  433 

precursors,  399 

source  of,  398 
Ureters,  440 
Uric  acid,  80 

in  the  urine,  434 
murexid  test  for,  81 
Urinary  calculi,  438 

secretion,  nervous  mechanism 

of,  438 
Urine,  430 

abnormal  constituents  in  the, 

437 
chemical  composition  of,  431 
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Urine,  coloring  matter  of,  436 

inorganic  salts  in  the,  436 
quantity  secreted,  430 
retention  of,  441 
secretion  of,  426 
source  of  urea,  431 
specific  gravity  of,  430 

Urobilin,  436 

Urochrome,  436 

Uterus,  709 


Vacuoles,  34 

Vagus  nerve,  297,  363,  556 

stimulation  of,  298 
Valsalva's  experiment,  636 
Valves  in  lymph  vessels,  230 
of  heart,  282 
of  veins,  305 

of  the  heart,  action  of,  282 
Valvulas  conniventes,  182 
Vasa  efferentia,  708 
Vaso-motor  center,  333,  671 

nerves,  332 
Vegetable  cells,  33 
food,  125 
Veins,  coats  of,  305 
valves  of,  305 
Velocity  of  the  blood  current,  329 
Venae  advehentes,  731 
Vena  porta,  390 
Ventilation,  376 
Ventricles  of  heart,  278 
Vesiculse  seminales,  708 
Vessels,  lymphatic,  215 
Villi,  217 

lacteals  in,  217 
Vision,  586 

accommodation,  601 
binocular,  626 
conditions  affecting,  617 
-  mental  operations  in,  624 
Visual  judgments,  627 
Vital  capacity,  358 

characters  of  organisms,  95 
circulation,  729 


Vital  phenomena,  31 
spot,  361,  670 

Vitelline  membrane,  712 

Vitreous  hiimor,  590 

Vocal  cords,  514 

Voice  and  speech,  512 

nervous  mechanism  of,  519 
properties  of  the  human,  517 

Volition,  687 

Vomiting,  141 

Vorticella,  112 

Walking  and  running,  510 

Warm-blooded  animals,  456 

Waste  products  of  animal  body,  72 

Water  H^O,  30 

Water  as  food,  127 

Weber's  method,  estimating  amount 

of  blood,  233 
Welcker's  method, "estimating  amount 

of  blood,  234 
White  blood  corpuscles,  243 
fibro-cartjlage,  58 
fibrous  tissue,  56 
substance  of  Schwann,  524 
Word  blindness,  702 
deafness,  700 
Words,  auditory  perception  of,  700 
registration  of,  701 
visual  perception  of,  7°° 

Xanthin  in  the  urine,  435 
Xanthoproteic  test,  66 

Yawning,  354 
Yeast  plant,  1 08 
Yellow  elastic  tissue,  57 

spot,  617 
Yolk  of  egg,  714 
sac,  721 

Zona  pellucida,  711 
tendinosa,  278 
Zymogen,  187 
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Applied  to  Liquids,  Solids,  and  Gases.  7th  Edition,  Revised,  ixz 
Illustrations,    fust  Ready.  ?4-50 
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STARR.  Hygiene  of  the  Nursery.  Including  the  General  Regi- 
men and  Feeding  of  Infants  and  Children,  and  the  Domestic  Manage- 
ment of  the  Ordinary  Emergencies  of  Early  Life,  Massage,  etc.  6th 
Edition.    25  Illustrations.    Just  Ready,  ,  $1.00 

TAYLOR  AND  WELLS.  The  Diseases  of  Children.  Illus- 
trated.    A  New  Text-Book.  Nearly  Ready. 


CLINICAL  CHARTS. 

GRIFFITH.  Graphic  Clinical  Chart,  Printed  in  three  colors. 
Sample  copies  free.  Put  up  in  loose  packages  of  fifty,  .50.  Price  to 
Hospitals,  500  copies,  J4.00;  1000  copies,  $7.5%  With  name  of 
Hospital  printed  on,  .50  extra. 

TEMPERATURE  CHARTS.  For  Recording  Temperature, 
Respiration,  Pulse,  Day  of  Disease,  Date,  Age,  Seic,  Occu- 
pation, Name,  etc.    Put  up  in  pads  of  fifty.  Each,  .50 


MEDICAL  BOOKS. 


DEFORMITIES. 

REEVES.  Bodily  Deformities  and  Their  Treatment.  A 
Sand-Book  of  Practical  Orthopedics.    228  Illustrations.  ^r.75 

HEATH.  Injuries  and  Diseases  of  the  Jaws.  187  Illustrations. 
4th  Edition.  Cloth,  ^4.50 

DENTISTRY. 

Special  Catalogue  of  Denial  Books  sent  free  upon  application. 

BARRETT.  Dental  Surgery  for  General  Practitioners  and 
Students  of  Medicine  and  Dentistfy.  Extraction  of  Teeth, 
etc.    3d  Edition.    Illustrated.  Nearly  Ready. 

BLODGETT.  Dental  Pathology.  By  Albert  N.  Blodgett, 
M.D.,  late  Professor  of  Pathology  and  Therapeutics,  Boston  Dental 
College.    33  Illustrations.  $i'Z5 

FLAGG.  Plastics  and  Plastic  Filling,  as  Pertaining  to  the  Filling 
of  Cavities  in  Teethof  all  Grades  of  Structure,     4th  Edition.       ^.00 

FILLEBROWN.^  A  Text-Book  of  Operative  Dentistry. 
Written  by  invitation  of  the  National  Associittion  of  Dental  Facul- 
ties.   Illustrated.  f2>25 

QORGAS.  Dental  NTedicine,  A  Manual  of  Materia  Medica  and 
Therapeutics.    5th  Edition,  Revised.         Cloth,  $4.00;  Sheep^  JS5.00 

HARRIS.  Principles  and  Practice  of  Dentistry.  Including 
Anatomy,  Physiology,  Pathology,  Therapeutics,  Dental  Surgery, 
and  Mechanism.  Z3th  Edition.  Revised  by  F.  J.  S.  Gorgas,  m.d., 
D.D.s.     1250  Illustrations.  Cloth,  f6.oo;  Leather,  ^7.00 

HARRIS.  Dictionary  of  Dentistry.  Including  Definitions  of  Such 
Words  and  Phrases  of  the  Collateral  Sciences  as  Pertain  to  the  Art  and 
Practice  of  Dentistry.  5th  Edition.  Revised  and  Enlarged  by  Fer- 
dinand F.  S.  Gorgas,  m  d.,  d.d.s.         Cloth,  $4.50;  Leather,  ^5.50 

HEATH.  Injuries  and  Diseases  of  the  Jaws.  4th  Edition.  187 
Illustrations.  $4-50 

HEATH.  Lectures  on  Certain  Diseases  of  the  Tavrs.  64 
Illustrations.  Boards,  .59 

RICHARDSON.  M^hanical  Dentistry.  7th  Edition.  Thor- 
oughly Revised  and  Enlarged  by  Dr,  Geo.  W.  Warren.  691  Illus- 
trations.   Just  Ready.  Cloth,  ^5.00;  Leather,  |6.oo 

SEWELL.  Dental  Snidery.  Including  Special  Anatomy  and 
Surgery.    3d  Edition,  with  200  Illustrations.  ^2.00 

TAFT.  Operative  Dentistry.  A  Practical  Treatise.  4th  Edition. 
ICO  Illustrations,  Cloth,  J3.00 ;  Leather,  I4.00 

TAFT.     Index  of  Dental  Periodical  Literature.  ^2.00 

TALBOT.  Irregularities  of  the  Teeth  and  Their  Treatment. 
2d  Edition.    334  Illustrations,  $300 

TOMES,  Dental  Anatomy,  Human  and  Comparative.  235  Illus- 
trations.   4th  Edition.  ^3*So 

TOMES.    Dental  Surgery.  3d  Edition.    292  Illustrations.        $4.00 

WARREN.  Compend  of  Dental  Pathology  and  Dental  Medi- 
cine.   With  a  Chapter  on  Emergencies.    Illustrated. 

.80;  Interleaved,  ^1.25 

WARREN.  Dental  Prosthesis  and  Metallurgy.  129  Ills,  f  1.25 

WHITE.    The  Mouth  and  Teeth.    Illustrated.  .40 

*#*  special  Catalogue       Denial  Books/ree  uPon  application. 


SUBJECT  CATALOGUE. 


DICTIONARIES. 

GOULD.  The  Illustrated  Dictionary  of  Medicine,  Biology, 
and  Allied  Sciences.  Being  an  Exhaustive  Lexicon  of  Medicine 
and  those  Sciences  Collateral  to  it:  Biology  (Zoology  and  Botany), 
Chemistry.  Dentistry,  Parmacology,  Microscopj^  etc.,  with  many 
useful  Tables  and  numerous  fine  Illustrations.  1633- pages.  3d  Ed. 
Sheep  or  Half  Dark  Green  Leather,  £10.00;  Thumb  Index,  ^11.00 
Half  Russia,  Thumb  Index,  ^13.00 

GOULD,  The  Medical  Student's  Dictionary.  Including  all  the 
Words  and  Phrases  Generally  Used  in  Medicine,  with  their  Proper 
Pronunciation  and  Definition,  Based  on  Recent  Medical  Literature. 
With  Tables  of  the  Bacilli,  Micrococci,  Mineral  Springs,  etc.,  of  the 
Arteries,  Muscles,  Nerve.<;,  Ganglia,  and  Plexuses,  etc.  zoth  Edition. 
Rewritten  and  Enlarged.  Completely  reset  from  new  type  700  pp. 
Half  Dark  Leather,  f  3.25 ;  Half  Morocco,  Thumb  Index,  $4  00 

GOULD.  The  Pocket  Pronouncing  Medical  Lexicon,  (12,000 
Medical  Words  Pronounced  and  Defined.)  Containing  all  the  Words, 
their  Definition  and  Pronunciation,  that  the  Medical,  Dental,  or 
Pharmaceutical  Student  Generally  Comes  in  Contact  With;  also 
Elaborate  Tables  of  the  Arteries,  Muscles,  Nerves,  Bacilli,  etc.,  etc., 
a  Dose  List  in  both  English  and  Metric  System,  etc,  Arranged  in  a 
Most  Convenient  Form  for  Reference  and  A^emorizing. 

Full  Limp  Leather,  Gilt  Edges,  ^1.00  ;  Thumb  Index,  fi.25 
60,000  Copies  of  Gould's  Dictionaries  Have  Been  Sold. 
*«*  Sample  Pages  and    Illustrations  and    Descriptive  Circulars   of 

Gould's  Dictionaries  sent  free  upon  application. 

HARRIS.  Dictionary  of  Dentistry.  Including  Definitions  of  Such 
Words  and  Phrases  of  the  Collateral  Sciences  as  Pertain  to  the  Art 
and  Practice  of  Dentistry.  5th  Edition.  Revised  and  Enlarged  by 
Ferdinand  J.  S.  GoRCAS,  H.D.,  D.D.S.   Cloth,  J4.50;  Leather,  ^5. 50 

LONGLEY.  Pocket  Medical  Dictionary.  With  an  Appendix, 
containing  Poisons  and  their  Antidotes,  Abbreviations  used  in  Pre- 
scriptions, etc.  Cloth,  .75 ;  Tucks  and  Pocket,  $1.00 

CLEVELAND.  Pocket  Medical  Dictionary,  33d  Edition.  Very 
small  pocket  size.         ^  Cloth,  ,50  ;  Tucks  with  Pocket,  .75 

MAXWELL,  Terminologia  Medica  Polyglotta.  By  Dr. 
Theodore  Maxwell,  Assisted  by  Others.  $3-oo 

The  object  of  this  work  is  to  assist  the  medical  men  of  any  nationally 

in  reading  medical  literature  written  in  a  language  not  their  own. 

Each  term  is  usually  given  in  seven  languages,  viz. :  English,  French,  ' 

German,  Italian,  Spanish,  Russian,  and  Latin. 

TREVES  AND  LANG.    German-English  Medical  Dictionary. 

Half  Russia,  $3.25 

KAR  (see  also  Throat  and  Nose). 

HOVELL,  Diseases  of  the  Ear  and  Naso-Phar^nx.  Includ- 
ing Anatomy  and  Physiology  of  the  Organ,  together  with  the  Treat- 
ment of  the  Affections  of  the  Nose  and  Pharynx  which  Conduce  to 
Aural  Disease.    122  Illustrations.  $5-oo 

BURNETT.     Hearing  and  How  to  Keep  It.    Illustrated.  .40 

DALBY.  Diseases  and  Injuries  of  the  Ear,  4th  Edition.  38 
Wood  Engravings  and  8  Colored  Plates.  $2.50 

PRITCHARD.  Diseases  of  the  Ear.  3d  Edition,  Enlarged. 
.Many  Illustrations  and  Formulae.     Jus^  Ready.  f  1-50 

V^OAKES.  Deafness,  Giddiness,  and  Noises  in  the  Head. 
4th  Edition.     Illustrated. '  Just  Ready.  J2.00 
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ELECTRICITY. 

BIGELOW.      Plain  Talks  on  Medical  Electricity  and  Bat- 
teries.    With  a  Therapeutic   Index  and  a  Glossary.       43  Illustra- 
tions.   2d  Edition.        .  fi.oo 
JONES.   Medical  Electricity,  zd  Edition,   xis  Illustrations.    ^2.50 
MASON.    Electricity ;  Its  Medical  and  Surgical  Uses.   Numer- 
ous Illustrations.  .75 

EYE, 

A  Special  Circular  0/  Books  on  the  Eye  sent  free  u^on  application. 

ARLfT.  Diseases  of  the  Eye..  Clinical  Studies  on  Diseases  of  the 
Eye.    Authorized  Translation  by  Lyman  Ware,  h.d.    Illustrated. 

$1.25 

PICK.  Diseases  of  the  Eye  and  Ophthalmoscopy.  Trans- 
lated by  A.  B.  Hals,  m.  d.  157  Illustrations,  many  of  which  are  in 
colors,  and  a  glossary.    Just  Ready.  Cloth,  $4.50;  Sheep,  $5.50 

GOULD  AND  PYLE.  Compend  of  Diseases  of  the  Eye  and 
Refraction.  Including  Treatment  and  Operations,  and  a  Section 
on  Local  Therapeutics.  With  Formulae,  Useful.  Tables,  and  iii 
Illustrations,  several  of  which  are  in  colors.    Just  Ready. 

Cloth,  80;  Interleaved,  $1.00 

GOITERS.     Medical  Ophthalmoscopy.      A  Manual  and  Atlas 

.  with  Colored  Autotype  and  Lithographic  Plates  and  Wood-cuts, 

Comprising  Original  Illustrations  of  the  Changes  of  the  Eye  in  Dis- 

*     eases  of  the  Bram,  Kidney,  etc.    3d  Edition.  $4-oo 

HARLAN.    Eyesight,  and  How  to  Care  for  It.    Illus.  .40 

HARTRIDGE.  Refraction.  96  Illustrations  and  Test  Types. 
Sth  Edition,  Enlarged.  fr>5o 

HARTRIDGE.  On  the  Ophthalmoscope.  2d  Edition.  With 
Colored  Plate  and  many  Wood-cuts.  $i<25 

HANSELL  AND  BELL.  Clinical  Ophthalmology.  Colored 
Plate  of  Normal  Fundus  and  120  Illustrations.  tx<So 

MACNAMARA.  On  the  Eye.  5th  Edition.  Numerous  Colored 
Plates,  Diagrams  of  Eye,  Wood-cuts,  and  Test  Types.  $3*50 

MORTON.  Refraction  of  the  Eye.  Its  Diagnosis  and  the  Cor- 
rection of  its  Errors.  With  Chapter  on  Keratoscopy  and  Test 
Types.    6th  Edition.  f  i.op 

OHLEMANN.  Ocular  Therapeutics.  Authorized  Translation, 
and  Edited  by  Dr.  Charles  A.  Oliver.  In  Press. 

PHILLIPS.  Spectacles  and  Eyeglasses.  Their  Prescription 
and  Adjustment.     2d  Edition.     49  Illustrations.  fi.oo 

SWANZY.  Diseases  of  the  Eye  and  Their  Treatment.  6th 
Edition,  Revised  and  Enlarged.  158  Illustrations,  i  Plain  Plate, 
and  a  Zephyr  Test  Card.    Just  Ready.  $3.00 

THORINGTON.     Retinoscopy.    Illustrated.   Just  Ready,    |i.oo 

"WALKER.  Students'  Aid  in  Ophthalmology.  Colored  Plate 
and  40  other  Illustrations  and  Glossary.  f  i-5o 

FEVERS. 

COLLIE.  On  Fevers.  Their  History,  Etiology,  Diagnosis,  Prog- 
nosis, and  Treatment.     Colored  Plates.  $2.00 

GOODALL  AND  WASHBOURN.  Fevers  and  Their  Treat- 
ment.   Illustrated.    Just  Ready.  $3>oo 
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GOUT  AND  RHEUMATISM. 

DUCKWORTH.  A  Treatise  on  Gout.  With  Chromo-lithograplis 
and  Engravings.  Cloth,  f  6.00 

QARROD.  On  Rheumatism.  A  Treatise  on  Rheumatism  and 
Rheumatic  Arthritis.  Cloth,  fc.oo 

HAIG.  Causation  of  Disease  by  Uric  Acid.  A  Contribution  to 
the  Pathology  of  High  Arterial  Tension,  Headache,  Epilepsy,  Gout, 
Rheumatism,  Diabetes,  Bright's  Disease,  etc.    3d  Edition.        ^3-oo 


HEADACHES. 

DAY.    On  Headaches.    The  Nature,  Causes,  and  Treatment  of 
Headaches.     4th  Edition      Illustrated.  ^         ^T.oo 


HEALTH    AND     DOMESTIC    MEDI- 
CINE'(see  also  Hygiene  and  Nursing). 

BUCKLEY.    The  Skin  in  Health  and  Disease.    lUus.  .40 

BURNETT.    Hearing  and  How  to  Keep  It.    Illustrated.  .40 

COHEN.    The  Throat  and  Voice.     Illustrated  .40 

DULLES.    Emergencies.    4th  Edition.    Illustrated.  $1.00 
HARLAN.    Eyesight  and  How  to  Care  for  It.    Illustrated.     .40 

HARTSHORNE.     Our  Homes.    Illustrated.  .40 

OSGOOD.    The  Winter  and  its  Dangers.  .40 

PACKARD.    Sea  Air  and  Bathing.  .40 

PARKES.    The  Elements  of  Health.   Jusi  Ready.  {1.25 

RICHARDSON.    Long  Life  and  How  to  Reach  It.  .40 

WESTLAND.    The  Wife  and  Mother.  }i.5o 

WHITE.    The  Mouth  and  Teeth.    Illustrated.  .40 

WILSON.    The  Summer  and  its  Diseases.  .40 

WOOD.    Brain  Work  and  Overwork.  .40 

STARR.    Hygiene  of  the  Nursery.    5th  Edition.  f  i.oo 

CANFIELD.    Hygiene  of  the  Sick-Room.  fi.25 

HEART. 

SANSOM.  Diseases  of  the  Heart.  The  Diagnosis  and  Pathology 
of  Diseases  of  the  Heart  and  Thoracic  Aorta,  With  Plates  and  other 
Illustrations.  f6.oo 

HISTOLOGY. 

STIRLING.  Outlines  of  Practical  Histology.  36S  Illustrations. 
2d  Edition,  Revised  and  Enlarged.    With  new  Illustrations.       ^2.00 

STOHR.  Histology  and  Microscopical  Anatomy.  Translated 
and  Edited  by  A.  Shapeb,  m.d..  Harvard  Medical  School.  268 
Illustrations.    Just  Ready.  $3-oo 
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HYGIENE  AND  WATER  ANALYSIS. 

special  Catalogue  of  Books  on  Hygiene  sent  free  upon  application. 

CANPIELD.  Hygiene  of  the  Sick-Room.  A  Book  for  Nurses 
and  Others.  Being  a  Brief  Consideration  of^Asepsis,  Antisepsis,  Dis- 
infection, Bacteriology,  Immunity,  Heating  and  Ventilation,  and 
Kindred  Subjects.  %^-^S 

COPLIN  AND  BEVAN.  Practical  Hygiene.  A  Complete 
American  Text-Book.    138  Illustrations.    Cloth,  ^3.25 ;  Sheep,  ^4.25 

FOX.  Water,  Air,  and  Food.  Sanitary  Examinations  of  Water, 
Air,  and  Food.    100  Engravings.    2d  Edition,  Revised,  ^3*50 

KENWOOD.  Public  Health  Laboratory  Work.  116  Illustra- 
tions and  3  Plates.  f2.oo 

LEFFMANN.  Examination  of  Water  for  Sanitary  and 
Technical  Purposes.    3d  Edition.   Illustrated.  f  I'^S 

LEFFMANN.    Analysis  of  Milk  and  Milk  Products.     Illus- 

*  trated.  fz-25 

LINCOLN.    School  and  Industrial  Hygiene.  .40 

MACDONALD.  Microscopical  Examinations  of  Water  and 
Air,    25  Lithographic  Plates,  Reference  Tables,  etc.  2d  Ed.     ^2.50 

McNEILL.  The  Prevention  of  Epidemics  and  the  Construc- 
tion and  Management  of  Isolation  Hospitals.  Numerous  Plans 
and  Illustrations. '  $3-50 

NOTTER  AND  FIRTH.  The  Theory  and  Practice  of  Hygiene. 
(Beine  the  gth  Edition  of  Parkes'  Practical  Hygiene,  rewritten  and 
brought  up  to  date.)  10  Plates  and  135  other  Illustrations.  1034 
pages.     8vo.    fust  Ready.  f  7*oo 

PARKES.  Hy;giene  and  Public  Health.  By  Louis  C.  Parkes, 
H.D.    sth  Edition.    Enlarged.    Illustrated.  In  Press, 

PARKES.  Popular  Hygiene.  The  Elements  of  Health.  A  Book 
for  Lay  Readers.    Illustrated.  fi-'S 

STARR.  The  Hygiene  of  the  Nursery;.  Including  the  General 
Regimen  and  Feeding  of  Infants  and  Children,  and  the  Domestic 
Management  of  the  Ordinary  Emergencies  of  Early  Life,  Massage, 
etc.    5th  Edition.    25  Illustrations.    Just  Ready.  $1.00 

STEVENSON  AND  MURPHY,    A  Treatise  on  Hygiene.    By 

Various  Authors.     In    Three    Octave  Volumes.    Illustrated.  * 

Vol.  I,  I6.00;  Vol.  n,  |6.oo;  Vol.  Ill,  $5.00 

*«*  Each  Volume  sold  separately.  Special  Circular  upon  application. 

WILSON.  Hand-Book  of  Hygiene  and  Sanitary  Science. 
Wiih  Illustrations.    7th  Edition.  $3.00 

WEYL.  Sanitary  Relation^of  the  Coal-Tar  Colors.  Author- 
ized Translation  by  Henry  Lbppmann^  h.d.,  fh.d,  $^-^S 

*«*  Special  Catalogue  0/  Books  on  Hygiene  free  t^on  application. 


JOURNALS,  ETC. 

OPHTHALMIC  REVIEW.  AMonthly  Record  of  Ophthalmic 
Science.    Fubl.  in  London.    Sample  number  .25;  per  annum  $3.00 

NEWT  SYDENHAM  SOCIETY  PUBLICATION.  Three  to  six 
volumes  each  year.    Circular  upon  application.        Per  annum  ^8.00 
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KIDNEY  DISEASES. 

THORNTON.  The  Surgery  of  the  Kidney.  ipIUus.    Clo.,(i.5o 
TYSON.    Bright's  Disease  and  Diabetes.    With  Especial  Ref- 
erence to  Pathology  and  Therapeutics.    Including  a  Section  on  Reti- 
nitis in  Bright's  Disease.    New  Edition.  In  Preparation 


LUNGS  AND  PLEUR.ffi. 

HARRIS  AND  BEALE.  Treatment  of  Pulmonary  Consump- 
tion. fZ'So 

POWELL..  Diseases  of  the  Lungs  and  Pleurse,  including 
Consumption.    Colored  Plates  and  other  Illus.    4th  Ed.         f4-oo 

TUSSEY.  High  Altitudes  in  the  Treatment  of  Consumption. 
f mi  Ready.  .  t'-V 

MASSAGE. 

KLEEN.  Hand-Book  of  Massage.  Authorized  translation  by 
MossEY  Hartwejj.,  M.D.,  PH.D.  With  an  Introduction  by  Dr.  S. 
Weir  Mitchell.  Illustrated  by  a  series  of  Photographs  Made 
Especially  by  Dr.  Kleen  for  the  American  Edition,  $2.25 

MURRELLr.  Massotherapeutics.  Massage  as  a  Mode  of  Treat- 
ment.    5th  Edition.  fX-zS 

OSTROM.  Massage  and  the  Original  Swedish  Move- 
ments. Their  Application  to  Various  Diseases  of  the  Body.  A 
Manual  for  Students,  Nurses,  and  Physicians.  Third  Edition,  En- 
larged.   94  Wood  Engravings,  many  of  which  are  original.         $1.00 


MATERIA    MEDICA    AND     THERA- 
PEUTICS. 

ALLEN,  HARLAN,  HARTE,  VAN  HARLINGEN.  A 
Hand-Book  of  Local  Therapeutics,  Beinga  Practical  Description 
of  all  those  Agents  Used  in  the  Local  Treatment  of  Diseases  of  the 

«  Eye,  Ear,  Nose  and  Throat,  Mouth,  Skin,  Vagina,  Rectum,  etc., 
such  as  Ointments,  Plasters,  Powders,  Lotions,  Inhalations,  Supposi- 
tories, Bougies,  Tampons,  and  the  Proper  Methods  of  Preparing  and 
Applying  Them.  Cloth,  $3.00 ;  Sheep,  I4  00 

BIDDLE.  Materia  Medica  and  Therapeutics.  Including  Dose 
List,  Dietary  for  the  Sick,  Table  of  Parasites,  and  Memoranda  of 
New  Remedies.  13th  Edition,  Thoroughly  Revised  in  accord- 
ance with  the  new  U.  S.  P.    64  lUustrations  and  a  Clinical  Index. 

Cloth^^.oo;  Sheep,  $5.00 

BRACKEN.  Outlines  of  Materia' Medica  and  Pharmacology.  By 
H.  M.  Bracken,  University  of  Minnesota.  fz*75 

DAVIS.    Materia  Medica  and  Prescription  Writing.        fi-5o 

FIELD.    Evacuant  Medication.    Cathartics  and  Emetics,      fi.75 

GORGAS.  Dental  Medicine.  A  Manual  of  Materia  Medica  and 
Therapeutics      5th  Edition,  Revised.  I4.00 

HELLER.  Essentials  of  Materia  Medica,  Pharmacy,  and 
Prescription  Writing.  In  Press. 

MAYS.    Theine  in  the  Treatment  of  Neuralgia.    %  bound,  .50 
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KAPHEYS.  Modern  Therapeutics.  Qth  Revised  Edition,  En- 
larged and  Improved.  In  two  handsome  volumes.  Edited  by  Allen 
T.  bMiTHf  M.D.,  and  J.  AuBRBY  Bavis,  m.d. 

Vol.  I.  General  Medicine  and  Diseases  of  Children.  f  4.00 

Vol,  II.  General  Surgery,  Obstetrics,  and  Diseases  of  Women.  ^4.00 

POTTER.  Hand-Book  of  Materia  Medica,  Pharmacy,  and 
Therapeutics,  iqcluding  the^  Action  of  Medicines,  Special  Therapeu- 
tics, Pnarmacology,  etc.,  including  Over  600  Prescriptions  and  For- 
muUe.  6th  Edition,  Revised  and  Enlarged.  With  Thumb  Index  in 
each  copy.  Cloth,  $4.50;  Sheep,  15.50 

POTTER.  Compend  of  Materia  Medica,  Therapeutics,  and 
Prescription  writing,  with  Special  Reference  to  the  Physiologi- 
cal Action  of  Drugs.  6tn  Revised  and  Improved  Edition, based  upon 
the  U'.  S.  P.  i8go.  .80;  Interleaved,  $1.25 

SAYRE.  Organic  Materia  Medica  and  Pharmacognosy.  An 
Introduction  to  the  Study  of  the  Vegetable  Kingdom  and  the  Vege- 
table and  Animal  Drugs.  Comprising  the  Botanical  and  Physical 
Characteristics,  Source,  Constituents,  and  Pharmacopeial  Prepara- 
tions. With  chapters  on  Synthetic  Organic  Remedies,  Insects  In- 
jurious to  Drugs,  and  Pharmacal  Botany.  A  Glossary  and  543  Illus- 
trations, many  of  which  are  original.  ^4.00 

WARING.     Practical  Therapeutics.    4th  Edition,  Revised  and 

Rearranged,  Cloth,  $2.00;  Leather,  $3.00 

'WHITE  AND  W^ILCOX.    Materia  Medica,  Pharmacy,  Phar- 

macology,  and  Therapeutics.  3d  American  Edition,  Revised  by 

Reynold  W.  Wilcox,  m.a.,  h.d.,  ll.d.     Clo.,  ^2.75;  Lea.,  ^3.25 


MEDICAL    JURISPRUDENCE     AND 
TOXICOLOGY. 

REESE.'  Medical  Jurisprudence  and  Toxicology.  A  Text-Book 
for  Medical  and  Legal  Practitioners  and  Students.    4th  Edition. 
Revised  by  Henry  Leffmann,  m.d.      Clo.,  ^3.00;  Leather,  $3.50 
"  To  the  student  of  medical  jurisprudence  and  toxicology  it  is  in- 
valuable, as  it  is  concise,  clear,  and  thorough  in  every  respect." — The 
American  Jourjtal  oftke  Medical  Sciences. 

MANN.     Forensic  Medicine  and  Toxicology.    lUus^  ^6.50 

MURRELL.      V^hat   to    Do   in    Cases    of  Poisoning.      7th 

Edition,  Enlarged.  ^1,00 

TANNER.     Memoranda  of  Poisons.    Their  Antidotes  and  Tests. 

7th  Edition.  .75 

MICROSCOPY. 

BEALE.  The  Use  of  the  Microscope  in  Practical  Medicine. 
For  Students  and  Practitioners, with  Full  Directions  for  Examining  the 
Various  Secretions, etc., by  the  Microscope.  4th  Ed.  500IIIUS.  $6.50 

BEALE.  How  to  Work  with  the  Microscope.  A  Complete 
Manual  of  Microscopical  Manipulation,  containing  a  Full  Description 
of  many  New  Processes  of  Investigation,  with  Directions  for  Examin- 
ing Objects  Under  the  Highest  Powers,  and  for  Taking  Photographs 
of  Microscopic  Objects.  5th  Edition.  400  Illustrations,  many  of 
them  colored.  '    ^.50 

CARPENTER.  The  Microscope  and  Its  Revelations-.  7th 
Edition.    800  Illustrations  and  many  Lithographs.  ^5*50 
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LEE.  The  Microtomist's  Vade  Mecum.  A  Hand-Bpok  of 
Methods  of  Microscopical  Anatomy.  887  Articles.  4th  Edition, 
Enlarged.    Just  Ready.  ^4.00 

MACDONALD,  Microscopical  Examinations,  of  Water  and  Air. 
25  Lithographic  Plates,  Reference  Tables,  etc.    2d  Edition.     .$2.50 

REEVES.  Medical  Microscopy,  including  Chapters  on  Bacteri- 
ology, I{eoplasms,  Urinary  Examination,  etc.  Numerous  Illus- 
trations, some  of  which  are  printed  in  colors.  $2.50 

WETHERED.  Medical  Microscopy.  A  Guid6  to  the  Use  of  the 
Microscope  in  Practical  Medicine,     zoo  Illustrations.  1^2.00 

MISCELLANEOUS. 

BLACK.  Micro-Organisins.  The  Formation  of  Poisons.  A 
Biological  Study  of  the  Germ  Theory  of  Disease.  .75 

BURNETT.  Foods  and  Dietaries.  A  Manual  of  Clinical  Diet- 
etics.    2d  Edition.  f  x.50 

GOULD.  Bord^land  Studies.  Miscellaneous  Addresses  and 
Essays,     izmo.  $2.00 

GOWKRS.    The  Dynamics  of  Life.  .75 

HAIG.  Causation  of  Disease  by  Uric  Acid.  A  Contribution  to 
the  Pathology  of  High  Arterial  Tension,  Headache.  Epilepsy,  Gout, 
Rheumatism,  Diabetes,  Bright's  Disease,  etc.  3d  Edition.  $3.00 
HARE.  Mediastinal  Disease.  Illustrated  by  six  Plates.  ^2.00 
HEMMETER.  Diseases  of  the  Stomach.  Illus.  In  Press. 
HENRY.    A  Practical  Treatise  on  Anemia.  Half  Cloth,  .50 

LEFFMANN.    The  Coal-Tar  Colors.    With  Special  Reference  to 
their  Injurious  Qualities  and  the  Restrictions  of  their  Use.    A  Trans- 
lation of  Thbodqrb  Wbyl's  Monograph.  f  i-^S 
TREVES.    Physical  Education,:  Its  Effects,  Methods,  Etc.  .75 
LIZARS.    The  Use  and  Abuse  of  Tobacco.  .40 
PARRISH.    Alcoholic  Inebriety  from  a  Medical  Standpoint^ 
with  Cases.                                                                                 ^i.oo 
ST.  CLAIR.     Medical  Latin.                                                         fi.oo 

NERVOUS  DISEASES. 

BEEVOR.  Diseases  of  the  Nervous  System  and  their  Treat- 
ment. /«  Press. 

GOV^ERS.  Manual  of  Diseases  of  the  Nervous  System.  A 
Complete  Text-Book.  2d  Edition,  Revised,  Enlarged,  and  in  many 
parts  Rewritten.  With  many  new  Illustrations.  Two  volumes. 
Vol.  I.  Diseases  of  the  Nerves  and  Spinal  Cord.  Clo.  $3.00 ;  Sh.^4.00 
Vol.  II.  Diseases  of  the  Brain  and  Cranial  Nerves;  General  and 
Functional  Disease.  Cloth,  $4.00;  Sheep,  JI5.00 

GOWERS.    Syphilis  and  the  Nervous  System.  $1.00 

GOWBRS.  Diagnosis  of  Diseases  of  the  Brain.  2d  Edition. 
Illustrated.  fi<5o 

GO^VERS.  Clinical  Lectures.  A  New  Volume  of  Essays  on  the 
Diagnosis,  Treatment,  etc.,  of  Diseases  of  the  Nervous  System.  $2.00 

GOWERS.  Epilepsy  and  Other  Chronic  Convulsive  Diseases. 
2d  Edition.  /«  Press. 

HORSLEY.  The  Brain  and  Spinal  Cord.  The  Structure  and 
Functions  of.    Numerous  Illustrations.  ^2.50 
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OBERSTEINER.  The  Anatomy  of  the  Central  Nervous  Or- 
gans. A  Guide  to  the  Study  of  their  Structure  in  Health  and  Dis- 
ease.    J98  Illustrations.  $5.50 

ORMEROD.  Diseases  of  the  Nervous  System.  66  Wood  En- 
gravings. ,  (i.oo 

OSLER.    Cerebral  Palsies  of  Children.    A  Clinical  Study,    Iz.oo 
OSLfER.    Chorea  and  Choreiform  Affections,  $2.00 

PAGE.  Railroad  Injuries.  WithSpecialReference  to  Thoseof  the 
Back  and  Nervous  System.  f  2.25 

PRESTON.  Hysteria  and  Certain  Allied  Conditions.  Their 
Nature  and  Treatment.    Illustrated.   Just  Ready.  ^ijcya 

THORBURN.    Surgery  of  the  Spinal  Cord.    Illustrated.     {4.00 
WATSON.    Concussions.  An  Experimental  Study  of  Lesions  Aris- 
ing from  Severe  Concussions.  Paper  cover,  ^z.ob 
WOOD.    Brain  Work  and  Overwork.  .40 

NURSING. 

special  Catalogue  of  Books  for  Nurses  sent  free  upon  application. 
BROWN.    Elementary  Physiology  for  Nurses.  .75 

CANPIELD.  Hygiene  of  the  Sick-Room.  A  Book  for  Nurses  and 
Others.  Being  a  Brief  Consideration  of  Asepsis,  Antisepsis,  Disinfec- 
tiooj  Bacteriology,  Immunity,  Heating  and  Ventilation,  and  Kindred 
Subjects  for  the  Use  of  Nurses  and  Other  Intelligent  Women,  ^x.35 
CULLINGWORTH.  A  Manual  of  Nursing,  Medical  and  Sur- 
gical,    3d  Edition  with  Illustrations.  .75 

CULLINGWORTH.  A  Manual  for  Monthly  Nurses,  3d  Ed.  .40 
CUFF.    Lectures  to  Nurses  on  Medicine.  35  Illustrations.  $1.00 
DOMVILLE.    Manual  for  Nurses  and  Others  Engaged  in  At- 
tending the  Sick.   8th  Edition.  With  Recipes  for  Sick-room  Cook- 
ery, etc.  .75 

FULrLERTON.    Obstetric  Nursing.    40  Ills.    4th  Ed.  f  i.oo 

FULLERTON.  Nursing  in  Abdominal  Surgen*  and  Diseases 
of  ^VomQO.  Comprising  the  Regular  Course  of  Instruction  at  the 
Training-School  of  the  Women's  Hospital,  Philadelphia,  zd  Edition. 
70  Illustrations.  fi*50 

HUMPHREY.  A  Manual  for  Nurses.  Including  General 
Anatomy  and  Physiology,  Management  of  the  Sick-Room,  etc.  isth 
Edition.    Illustrated.  fi.oo 

SHA  WE.  Notes  for  Visiting  Nurses,  and  all  those  Interested 
in  the  Working  and  Or|;anization  of  District,  Visiting,  or 
Parochial  Nurse  Societies.  With  an  Appendix  Explaining  the 
Organization  and  Working  of  Various  Visiting  and  District  Nurse  So- 
cieties, by  Hblen  C.  Jbnks,  of  Philadelphia.  $1.00 

STARR.  The  Hygiene  of  the  Nursery.  Including  the  General 
Regimen  and  Feeding  of  Infants  and  Children,  and  the  Domestic  Man- 
agement of  the  Ordinary  Emergencies  of  Early  Life,  Massage,  etc.  5th 
Edition.    25  Illustrations.    Just  Ready.  %\.oa 

TEMPERATURE  CHARTS.  For  Recording  Temperature,  Res- 
piration, Pulse,  Day  of  Disease,  Date,  Age,  Sex,  Occupation, 
Name,  etc.    Put  up  in  pads  of  fifty.  Each  .50 

VOSWINKEL.     Surgical  Nursing,    xxi  Illustrations.  $x.od 

*«*  special  Catalogue  of  Books  on  Nursing  free  upon  application. 
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OBSTETRICS. 

BAR.  Antiseptic  Midwifery.  The  Principles  of  Antiseptic  Meth- 
ods Applied  to  Obstetric  Practice.  Authorized  Translation  by 
Ubnry  D.  Frt,^m.d.,  with  an  Appendix  by  the  Author.  fi.oo 

CAZEAUX  AND  TARNIER.  Midwifery.  With  Appendix  by 
MuNDi.  The  Theory  and  Practice  of  Obstetrics,  including  the  Dis- 
eases of  Pregnancy  and  Parturition,  Obstetrical  Operations,  etc. 
Sth  Edition.  Illustrated  by  Chromo-Lithographs,  Lithograplfs,  and 
other  full-page  Plates,  seven  of  which  are  beautifully  colored,  and 
numerous  Wood  Engravings.  '  Cloth,  $4<So;  Full  Leather,  ^5.50 

DAVIS.  A  Manual  of  Obstetrics.  Being  a  Complete  Manual  for 
Physicians  and  Students.  2d  Edition.  16  Colored  and  other  Plates 
and  134  other  Illustrations.  ^z.oo 

JELLETT.    The  Practice  of  Midwifery.     Illustrated.    In  Press. 

LANDIS.  Compend  of  Obstetrics.  5th  Edition,  Revised  by  Wh. 
H.  Wells,  Assistant  Demonstrator  of  Clinical  Obstetrics,  Jefferson 
Medical  College.    With  many  Illustrations,  .80 ;  Interleaved,  ^1.25. 

SCHULrTZE.  Obstetrical  Diagrams.  Being  a  series  of  20  Col- 
ored Lithograph  Charts,  Imperial  Map  Size, .of  Pregnancy  and  Mid- 
wifery, with  accompanying  explanatory  (German)  text  illustrated 
by  Wood  Cuts.    2d  Revised  Edition. 

Price  in  Sheets,  $26.00 ;  Mounted  on  Rollers,  Muslin  Backs,  $36.00 

STRAHAN.  Extra-Uterine  Pregnancy.  The  Diagnosis  and 
Treatment  of  Extra-Uterine  Pregnancy.  .75 

WINCKEL.  Text-Bookof  Obstetrics,  Including  the  Pathol- 
ogy and  Therapeutics  of  the  Puerperal  State.  Authorized 
Translation  by  J.  Clifton  Edgar,  a.m.,  m.d.  With  nearly  zoo  Illus- 
trations, Cloth,  $5.00;  Leather,  $6.00 

FULLERTON.    Obstetric  Nursing.     4th  Ed.    Illustrated,    fi.oo 

SHIBATA.  Obstetrical  Pocket-Phantom  with  Movable  Child 
and  Pelvis,     letter  Press  and  Illustrations.  $1.00 

PATHOLOGY. 

BLACKBURN,  Autopsies.  A  Manual  of  Autopsies  Designed  for 
the  Use  of  Hospitals  for  the  Insane  and  other  Public  Institutions. 
Ten  full-page  Plates  and  other  Illustrations.  .  •  $1.25 

BLODGETT.  Dental  Pathology,  By  Albert  N.  Blodgett, 
M.D.,  late  Professor  of  Pathology  and  Therapeutics,  Boston  Dental 
College.     33  Illustrations.  t^-^S 

GILLIAM.     Pathology.  A  Hand-Book  for  Students.  47  lUus.    .75 

HALL.  Compend  of  General  Pathology  and  Morbid  Anatomy. 
91  very  fine  Illustrations.  .80;  Interleaved,  $1.25 

VIRCHOW.  Post-Mortem  Examinations.  A  Description  and 
Explanation  of  the  Method  of  Performing  Them  in  the  Dead  House 
of  the  Berlin  Charity  Hospital,  with  Special  Reference  to  Medico- 
Legal  Practice.    3d  Edition,  with  Additions.  .75 

PHARMACY. 

special  Catalogue  of  Books  on  Pharmacy  sent  free  upon  appiUation. 

COBLENTZ.  Manual  of  Pharmacy.  A  New  and  Complete 
Text-Book  by  the  Professor  in  the  New  York  College  of  Pharmacy. 
2d  Edition,  Reinsed  and  Enlarged.  437  lUus.  Cloth,  $3.50 ;  Sh.,  ^4  50 
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BEASLfEY.  Book  of  3x00  Prescrit>tions.  Collected  from  the 
Practice  of  the  Most  Eminent  Physicians  and  Surgeons — English^ 
French,  and  American.  A  Compendious  History  of  the  Materia 
Medica,  Lists  of  the  Doses  of  all  the  Officinal  and  Established  Pre- 
parations, an  Index  of  Diseases  and  their  Remedies.     7lh  Ed.    ^.00 

BEASLEY.  Druggists'  General  Receipt  Book.  Comprising 
»  Copious  Veterinary  Formulary,  Recipes  in  Patent  and  Proprietary 
Medicines,  Druggists'  Nostrums,  etc. ;  Perfumery  and  Cosmetics, 
Beverages,  Dietetic  Articles  and  Condiments,  Trade  Chemicals, 
Scientific  Processes,  and  an  Appendix  of  Useful  Tables,  xoth  Edi- 
tion, Revised.  $2.00 

BEASLEY.  Pocket  Formulary.  A  Synopsis  of  the  British  and 
Foreign  Pharmacopceias.  Comprising  Standard  and  Approved 
Formulae  for  the  Preparations  and  Compounds  Employed  in  Medical 
Practice,     xith  Edition,  $2.00 

PROCTOR.  Practical  Pharmacy.  Lectures  on  Practical  ^ar- 
macy.  With  Wood  Engravings  and  32  Lithographic  Fac-simile 
Prescriptions.  3d  Edition^  Revised,  and  with  Elaborate  Tables  of 
CKemic^  Solubilities,  etc.  $3-oo 

ROBINSON.  Latin  Grammar  of  Pharmacy  and  Medicine. 
2d  Edition.     With  elaborate  Vocabularies.^^  $i'75 

SAYRE.  Organic  Materia  Medica  and  Pharmacognosy,  An 
Introduction  to  the  Study  of  the  Vegetable  Kinedom  and  the  Vege- 
table and  Animal  Drugs.  Comprising  the  Botanical  and  Physical 
Characteristics,  Source,  Conetituents,  and  Pharmacopeial  Prepar- 
ations. With  Chapters  un  Synthetic  Organic  Remedies,  Insects 
,  Injurious  to  Drugs,  and  Pharmacal  Botany.  A  Glossary  and  543 
Illustrations,  many  of  which  are  original.    Cloth,  ^.00 ;  Sheep,  j^5.oo 

SCOVILLE.  The  Art  of  Compounding.  A  Text-Book  for  the 
Student  and  a  Reference  Book  for  the  Pharmacist.  CI.  I2.S0 ;  Sh.  f  3.50 

STEWART.  Compend  of  Pharmacy.  Based  upon  "Reming- 
ton's Text-Book  of  Pharmacy."  5th  Edition,  Revised  in  Accord- 
ance with  the  U.  S.  Pharmacopoeia,  i8go.  Complete  Tables  of 
Metric  and  English  Weights  and  Measures.    .80;   Interleaved,  fi.25 

UNITED  STATES  PHARMACOPCEIA.  1890.  7th  Decennial 
Revision.  Cloth,  $2.50  (postpaid,  J2.77)  ;  Sheep,  $3.00  (postpaid, 
$3.27);  Interleaved,  ^.00  (postpaid,  $450);  Printed  on  one  side  of 
page  only,  unbound,  $3.50  (postpaid,  f  3.90). 

Sitect  Tables  from  the  U.  S.  P.  (x8go).  Being  Nine  of  the  Most 
'  Important  and  Useful  Tables,  Printed  on  Separate  Sheets.  Care- 
fully put  up  in  patent  envelope.  .25 

POTTER.  Hand-Book  of  Materia  Medica,  Pharmacy,  and 
Therapeutics,    600  Prescriptions  and  Formulae.    6th  Edition. 

Cloth,  $450;  Sheep,  f  5.50 

%*  Special  Catalogue  0/  Books  on  Pharmacy  free  upon  application. 


PHYSICAL  DIAGNOSIS. 

FENWICK.  Medical  Diagnosis.  8th  Edition,  very  much.  En- 
larged. Nearly  Ready. 

TYSON.  Hand-Book  of  Physical  Diagnosis.  For  Students  and 
Physicians.  By  the  Professor  of  Clinical  Medicine  in  the  University 
of  Pennsylvania.    IIlus.    2d  Ed.,  Improved  and  Enlarged.         fl.25 

MEMMINGER.    Diagnosis  by  the  Urine.    23  Illus.  $1.00 
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PHYSIOLOGY. 

BRUBAKER.  Compend  of  Physiology.  8th  Edition,  Revised 
and  Enlarged.    Illustrated.  .80;  Interleaved,  I1.25 

KIRKE.  Physiology.  (14th  Authorized  Edition.  Dark-Red  Cloth.) 
A  Hand-Book  of  Physiology.  14th  Edition.  Revised  and  Enlaiged. 
By  Prof.  W.  D  Halliburton,  of  Kings  College,  London.  661 
Illustrations,  some  of    which  are  printed  in  colors.     Jtist  Ready. 

Cloth,  f  3.25;  Leather,  $4.00 

LANDOXS.  A  Text-Book  of  Human  Physiology,  Including 
Histology  and  Microscopical  Anatomy,  with  Special  Reference  to 
the  Requirements  of  Practical  Medicine.  5th  American,  translated 
from  the  9th  German  Edition,  with  Additions  by  Wm.  Stirling, 
H.D.,D.sc.    845  lUus.,  many  of  which  are  printed  in  colors.  In  Press. 

STARLING.     Elennents  of  Human  Physiology.    loollls.    |i.oo 

STfkLING.  Outlines  of  Practical  Physiology.  Including 
Chemical  and  Experimental  Physiology,  with  Special  Reference  to 
Practical  Medicine.    3d  Edition.    289  Illustrations.  fz.oo 

TYSON.    Cell  Doctrine.    Its  History  and  Present  State.        fz.50 

YEO.  Manual  of  Physiology.  A  Text-Book  for  Students  of 
Medicine.  By  Gerald  F.  Ybo,  m.d.,  f.r.cs.  6th  Edition,  254 
Illustrations  and  a  Glossary.  Cloth,  $2.50  ;  Leather,  |»3.c]o 

PRACTICE. 

BEALE.  On  Slight  Ailments ;  their  Nature  and  Treatment,- 
2d  Edition,  Enlarged  and  Illustrated.  $1*25 

CHARTERIS.     Practice  of  Medicine.    6th  Edition.  ^2.00 

FOWLER.      Dictionary  of   Practical    Medicine.      By  various- 
writers.  An  EncyclopEediao^Medicine.  Clo.,  ^3.00;  HalfMor.  ^400 
HUGHES.    Compend  of  the  Practice  of  Medicine.    5th  Edition, 
Revised  and  Enlarged. 

Part  I.    Continued,  Eruptive,  and  Periodical  Fevere,  Diseases  of  the 
Stomach,  ^Intestines,  Peritoneum,  Biliary  Passages,  Liver,  Kid- 
neys, etc.,  and  General  Diseases,  etc. 
Fart  ,11.    Diseases  of  the  Respiratory  System,  Circulatory  System, 
and  Nervous  System;  Diseases  of  the  Blood,  etc. 

Price  of  each  part,  .80 ;'  Interleaved,  $1.25 
Physician's  Edition.     In  one  volume,  including  the  ahovQ^  two 
parts,  a.  Section  on  Skin  Diseases,  and  an  Index.     5th  Revised, 
Enlarged  Edition.    568  pp.  Full  Morocco,  Gilt  Edge,  ^2.25 

ROBERTS.  The  Theory  and  Practice  of  Medicine.  The 
Sections  on  Treatment  are  especially  exhaustive)  9th  Edition, 
with  Illustrations,  Cloth,  f  4.50;  Leather,  $5.50 

TAYLOR.    Practice  of  Medicine.  Cloth,  $2.00 ;  Sheep,  $2.50 

TYSON.  The  Practice  of  Medicine.  'By  Jambs  Tyson,  m.d.. 
Professor  of  Clinical  Medicine  in  the  University  of  Pennsylvania. 
A  Complete  Systematic  Text-book  with  Special  Reference  to  Diag- 
nosis and  Treatment.     Illustrated.     8vo.    Jusi  Ready. 

Cloth,.jt5.5o;  Leather,  $6  50 ;  Half  Russiaify.so 

PRESCRIPTION  BOOKS. 

BEASLEY.  Book  of  3100  Prescriptions.  Collected  from  the 
Practice  of  the  Most  Eminent  Physicians  and  Surgeons — English, 
French,  and  American.  A  Compendious  History  of  the  Materia, 
Medica,  Lists  of  the  Doses  of  all  Officinal  and  Established  Prepara- 
tions, and  an  Index  of  Diseasesand  their  Remedies.     7th  Ed.     ^2.00 
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BEASLEY.  Druggists'  General  Receipt  Book.  Comprising 
a  Copious  Veterinary  Formulary,  Recipes  in  Patent  and  Proprie- 
tary Medicines,  Druggists'  Nostrums,  etp. ;  Perfumery  and  Cos- 
metics, Beverages,  Dietetic  Articles  and  Condiments,  Trade  Chem- 
icals, Scientific  Processes,  and  an  Appendix  of  Useful  Tables, 
loth  Edition,  Revised.  $2.00 

BEASLEY.  Pocket  Formulary.  A  Synopsis  of  the  British  and 
Foreign  Pbarmacopceias'.  Comprising  Standard  and  Approved 
Formula  for  the  Preparations  ancl  Compounds  Employed  iti  Medical 
Practice,    nth  Edition.  ^     Cloth,  ^2.00 

PEREIRA.  Prescription  Book.  Containing  Lists  of  Phrases 
and  Abbreviations  Used  in  Prescriptions,  Grammatical  Construction 
of  'Prescriptions,  etc.     i6th  Edition.  Cloth,  .75  ;  Tucks,  JS1.00 

W^YTHE.    Dose  and  Symptom  Book.    Containing  the  Doses  and 
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Extracts  from  a  Review  in  the  American  Journal  of 
Medical  Sciences,  March,  1897 : 

"  Externally  it  is  the  largest  and  handsomest  single  volume 
on  the  practice  of  medicine." 
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Descriptive  circular  and  sample  pages  upon  application. 


